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California Department of Water Resources

This Environmental Impact Report/Environmental Impact Statement (EIR/EIS) is prepared in corn:
pliance with the California Environmental Quality Act (CEQA) and NationalEnvironmental Policy Act
(NEPA).

The California Department of Water Resources (DWR) proposes to implement the North Delta Pro-
gram (NDP). This program is one of three water management programs being conducted to address is-
sues surround_ing the Sacramento-San Joaquin Delta. The U.S. Army Corps of Engineers is the lead
federal agency under its regulatory permits authority.

This EIR!EIS evaluates the North Delta alternative facilities, and other methods of water supply aug-
mentation/flood control and demand-reduction. Under the NDP, eleven alternatives, including no-ac-
tion, are analyzed. The preferred alternative is to: Dredge the South Fork Mokelumne River, enlarge
the main stem and North Fork Mokelumne River with levee setbacks and channel dredging, enlarge
the Delta Cross Channel Gate structure, acquire the necessary State and federal permits, and test miti-
gation river collector wells and fish screens.
The cumulative impacts of this and related projects are also evaluated.

For further information regarding this EIR/EIS, contact Stein :Buer, California Department of Water
Resources, 1416 Ninth Street, P. O. Box 942836, Sacramento California 94236-0001, telephone (916)
445-6809.                                      . ~

Statement Number:.

Filing Date:

Comments must be received by:.
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This report represents the second of three related Environmental Impact Reports/Environmental Im-
pact Statements (EIR/EIS’s) being released to the public in 1990. The other two reports are: The South
Delta Water Management Program (SDWMP) EIR/EIS released in June 1990, and Los Banos Grandes
(LBG) Offstream Storage Reservoir EIR to be released in the near future. The North Delta Program is
designed to address problems related to flooding, reverse flow, water quality, fisheries impacts, and wa-
ter supply reliability. The decision-making process on this program will be coordinated with a concur-
rent review of the draft EIR/EIS’s on the other two programs, in addition to this coordination, DWR,
the Department offish and Game (DFG), and the U. S. Bureau of Reclamation (Reclamation) will con-
tinue to conduct Public negotiations with input from en _~vir0n~ental interests and water users to develop
an agreement (s) to protect estuai’y fish. The planning programs are designed to be compatible with and
to offer specific mitigation measures to advance this agreement(s).

This draft EIR/EIS covers actions to be taken over the next several years under the North Delta Program
(NDP). The program consists of several individual actions, most of them to be undertaken by DWR as a
part of the State Water Project. The U. S. Army Corps of Engineers (USACE) is the lead federal agency
under its regulatory permits authority. The program features also involve the Delta waterways and faci-
lities used by Reclamation’s Central Valley Project, and, thus, potentially could influence Reclamation
operations and facilities, particularly the Delta Cross Channel. Accordingly, Reclamation has joined in
the preparation of this general program document as a cooperating agency and is currently involved in
several of the negotiations described.

The South and North Delta Programs are responding to the growing consensus that "no action" in the
Delta is unacceptable and that improvements are needed to correct existing problems. Current opera-
tion adversely affects the quality of drinking water, impacts fisheries, lowers project relidbility, and
creates concerns with local water diverters. Improvements proposed by these Delta water management
programs are designed to reduce or eliminate these problems and assist ongoing efforts to provide flood
control improvements for the Delta.

The EIR/EIS’s have been organized into individual reports guided by the latest update of the California
Water Plan--DWR Bulletin 160-87-- to improve the decision-making processes. The Use of coordi-
nated individual reports was selected to provide added attention to program evaluations as well as flexi-
bility in scheduling and program implementation. At the same time, the interrelationships between each
program and their combined effects are addressed in detail by statewide planning documents, Cumula-
tive impact evaluations, comprehensive system operation studies, and Delta estuary mitigation activities.

David N. Kennedy, Director
Department of Water Resources
State of California
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EXECUTIVE SUMMARY

The California Department of Water Resources (DWR) This protection, together with other commitments dis-
proposes to implement the North Delta Program (NDP). cussed under "Mitigation-Measures," are designed to re-

’- This program is one of three water management Programsduce adverse impacts.
| being conducted to address issues surrounding the Sacra-

The North Delta Study Areamento-San Joaquin Delta. The North Delta study area is
- shown in Figure 1. This draft report incorporates com-The north Delta study area (Figure 1) includes the islands

meritS from earlier public scoping meetings. Additionaland channels south of Sacramento, north of the San Joa-
comments from the review of this draft will be included in quin River, east of Rio Vista, and west of Thornton. The
the final environmental document, area contains about 170,000 acres of-which 150,000 are

used for irrigated agriculture. The remaining area consists
The environmental documentation process provides in-of waterways, natural areas, levees, and lands devoted to
formation for the public, government agencies, and deci-residential, industrial, and municipal uses.
sion makers about the potentially significant environmen-
tal effects of implementing the NDP. In addition, this The Sacramento River, the Mokelumne River, the
environmental documentation will identify alternativesCosumnes River, Dry Creek, Morrison Creek, and Deer
and possible ways to reduce or prevent environmental im-Creek converge here in a network of meandering chart-
pacts. The information will be used to obtain regulatorynels and sloughs. With the exception of Camanche Reser-
permits that govern projects in the Delta estuary, voir on the Mokelumne River, no designated flood bypass

channels or storage facilities have been constructed for
An integral part of this process is continuous communica-the floodflows carried by the North and South Forks of the

~ tion and cooperation with the public, governmental agen-Mokelumne River.
cies, and environmental groups to improve the decision-

The Delta Cross Channel was constructed by Reclama-making process for both the preferred alternative and
.adopted mitigation measures. Included in this process a~etion in 1951 to improve water conveyance through the

Delta. The Delta Cross Channel, about 30 miles south of1) public comments, 2) public scoping meetings, 3) wide
distribution of planning reports, 4) organization of specialSacramento near Walnut Grove, diverts water from the

meetings with environmental groups and interested enti-Sacramento River into eastern Delta channels, including

ties, and 5) development of and commitment to imple-the North and South Forks of the Mokelumne River. Dur-

mentation and monitoring of a mitigation plan. ~ ing periods of excessive flow in the Sacramento River, the
gates of the Delta Cross Channel are closed to prevent
floodwaters from the Sacramento River from increasing

This draft EIR/EIS covers actions to be taken over theflooding in the interior Delta channels. During periods of
next several years under the NDP. The program consistsnormal and low flow, the gates are left open.
of several individual actions to be undertaken by DWR as
a part of the State Water Project. The program featuresThe most pressing problem in the north Delta study are~i
involve the same Delta waterways used by the U.S. Bu-isrepeated and extensive flooding of theleveed tractsand
reau of Reclamation (Reclamation) Central Valley Proj- islands. Levee failures have become common. Since 1980,
ect, and, thus, potentially Could influence Reclamationthere have been 14 such occurrences in the north Delta.
operations and/or facilities. Both the limited channel capacities and the haadequate,

nonproject levees contribute to this critical problem.

The Delta is an important resource with a complex andThe primary source of threatening flood flows to the
sensitive environment. DWR, Reclamation, and the De-north Delta area are from the Cosumnes River, Dry
partment of Fish and Game. (DFG) have formed a nego-Creek, and Mokelumne River. These streams originate in
tiating group with a broad range of expertise to providethe central Sierra Nevada with a total drainage area of
protective measures for the Bay-Delta estuary. DWR and about 1,800 square miles.
Reclamation are committed to provide staff resources and
participation to develop a mutually acceptable agreementThe Morrison Creek Stream Group also contributes to
or series of agreements. The NDP will utilize and contrib-flood flows and is composed of Morrison, Elder, Union-
ute to these negotiations to develop mitigation measures,house, and Laguna Creeks. These streams, located in Sac-
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ramento County southeast of the city of Sacramento, flowInterstate 5 and numerous local roads. Had the U.S.
generally westward, joining in the vicinity of the Beach-Army Corps of Engineers (with State and local assistance)
Stone Lakes area and then flowing south into Snodgrassnot raised a temporary levee south of Walnut Grove, the
Slough. This stream group contributes flood flows from a town would have flooded, and residents would have been
total drainage area of about 180 square miles, driven from their homes. This near disaster demonstrated

the urgent need for a flood control project.
During the February 1986 flood, massive flows from the
Cosumnes River, Mokelumne River, and local creeksIn DWR Bulletin 160-87, California Water." Looking to the
poured into the northeast Delta. The peak flows, whichFuture (November 1987), DWR evaluated statewide water
far exceeded channel capacities, flooded several islandsconditions. In the bulletin, DWR concluded that meeting
and spilled out ove~ low-lying areas between Freeport andthe water needs of California’s rapidly expanding popula-
Thornton. tion will involve a variety of water management ap-

proaches, including 1) water conservation, 2) water sal-
The 1986 flooding forced evacuation of 1,600 people fromvage, 3) conjunctive use of surface and ground water, 4)
small towns and various homes and businesses in.the area,water transfers, 5) water sharing, 6) waste water reclama-
caused $20 million worth of direct damage, and floodedtion, 7) water banking, and 8) Delta planning. The NDP

The Delta Cross Channd is a gated
- ~.ransfer channel between the Sacramen-
to River and Snodgrass Slough. Water is
diverted from the river through an

"~hrth-section channel designe~ to trans~.
~. r approximately ~5~ 00 cfs. ~;h::e: Vate;
,.:~en flows about 50 miles through n~u~
~i channelsto: the Traey ~umping
?~Iant. ~e Channel, constr~ted in
,. g~30~51 as afaciti~,of the C~ is
~"2 miles long:~ - -_ 7

:~prmat.operaffonof th~ C/6~s.
" ~ ~odcontrol requ~res t aithe  ates

~ _ctb~ed When Sacramento_River flows
,~ch abo~ 30,000:~C~, usuatly~
~inter 0P sprmg.~qB De~ision !485
r~uires va~ous flow constraints to pro-
~t sat~n and ar~pedbask.

’~e proposed North Delta Wat~
3~ement PEa~am ~ouM enlarge the~

., Cros  C an a gat   tr ctur  yrom
Delta Cross Channel

,:~bOUt
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Water Overflowing the North Fork Mokelumne River levee during the 1986 flood~

part ofa statewide water plan to help meet California’s     : .~_,
future needs.

Program Need

The California Department of Water Resources (DWR)
proposes to implement the NDP in two or more phases.
Analysis and evaluation after completion of each phase
will determine the need for and configuration of following .....
phases.

This program is being implemented in response to: :’~ ~tanvt_tte

¯ repeated and extensive flooding of leveed islands and ~ le~2 protecting:,~ew :~~.,. leo :Tract heart -
tracts of the north Delta area;

~e
¯ planning in south Sacramento area to include the

~ a~Lambert Road flood control structure; ~he~

¯ statewide projections showing future increased water The key to aIlev~mg~

drinking water concerns related to the cost and diffi-
culty of treating Trihalomethanes (THM) precursors;

¯ Delta striped bass and salmonid survival problems;

¯ statewide declines in riparian and wetlands habitat;
and

¯ a growing demand for recreational facilities and op-
portunities.
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Program Objectives .. ~ 2-    Reverse Flow "

-The expression "reverse flow" characterizes a Ddta p~blem

that stems..frbrt~the lack of capacity in certain channels. Re;.The purpose of the NDP-is to address the broad range of
verse flow occurs when there is a net movemet~of watetup:

water management issues surrounding the Delta. The ob-
stream frog the_.west Delta in the :lower San Joaq~n Riverjectives of this program are to:
and trib~.~, d~.,u.~_hs toward the State and Federal ~ex~ort

.pumps n~i T/d@ This reverse flow disorients, mi~g(qtO~.
striped b~s, salmon, and steelhead. It also [:zdls small fish

¯ Alleviate flooding in the north Delta, including the area toward the pumping p.lant
towns of Thornton and Walnut Grove; "~

where the~uffer heavy losses

~"; deg_r~de~ ihe qa~lit~ ~Sw~ter in t~i Delta-as ~aii~
7:water m!~ with~ freshwater inflows in-the west Delta

Reduce reverse flow in the lower San Joaquin River;¯
drawn t~;a-i~e expo)t ~um~s
Delta ~ .....:_co~tain~ : precu.rs;~s:=of trihalo~meth~an~s

s~pected carc~nog~ens-pbo-duced when.
¯ Improve water quality;                                                  " ~ .... "

t origi_nate from decayed ve~geta~ion aetzas p_recur~
sots by pro~idinga source of e~rb~h in tHhalomethane forrdd-:¯ Reduce fishery impacts; and ~ ¯ .= : ~ ~ ~    :tion react i .*.  , ring perioa, o re e*s.e flow,
the :.           with Delta wate~ :at the western-edgg of

¯ Improve State Water Project (SWP) flexibility and T~ZM :f$~{(~
1    do~ .i -and this canwater supply reliability.

THM tev~@klng water supplies taken from.the O~lta ar~ .
THM standar~.2g_~owever, .m~ore re~

g£~ndardy:are being considered by EPA,In addition to meeting these objectives, the program will ~, .~ ...... ~ ................ ~ ....
provide the following benefits: . : of Capacity in certain channe.~requ~res

fkom t~Strdam reservoirs
in lower reservoir operation~=

¯ Improve navigation; conditions.. " .

~ could.be moderatedby increasing the transfer~

¯ Enhance recreational opportunities; and                                 Deltachannels’°Th~e~h-hi-eii~b~bW~’-i
trot.

¯ Enhance wildlife habitat, nological, legal, and institutional constraints, political is-
sues, and compatibility with other proposals.

In general, previous studies showed that an isolated facil-
Program Alternatives ity would provide favorable reliability, fishery protection,

and improved water quality when compared to other al-
ternatives such as a physical barrier or through-Delta fa-The narrowing of alternatives utilized a broad range of in-

formation related to water resources planning. The selec-cility. Recent updates of previous studies showed this
same trend. However, the June 1982 voter rejection bytion process considered previous studies, activities ira-
State referendum indicated that it is not politically feasi-plemented during droughts, legislative actions, statewide
ble to proceed with an isolated Delta facility..referendums, comprehensive water conservation and rec-

lamation activities, the NDP obiectives and project opera-The previous studies also showed that a through-Delta
tional flexibility. Previous studies evaluated alternativessystem compatible with the NDP would provide signifi-
on the basis of such factors as economics, energy, watercant advantages over existing conditions. Also, extensive
supply, fisheries, wildlife, recreation, water quality, tech-programs since 1975 to implement water conservation and

xxii
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reclamation have determined that increases in statewide
demands can be reduced by 1.3 MAF by 2010. This reduc-
tion is included in DWR future water supply need for year
2010.

Two types of alternatives are evaluated in this report:

¯ NDP alternative facilities.

¯ Water supply augmentation and demand-reduction
alternatives, including such measures as additional
water conservation and desalting.

Under the NDP, ten different alternatives and a no-ac-
tion plan were evaluated. Each alternative is a combina-
tion of various project components. The components in-
clude enlarging the Delta Cross Channel gate structure,
dredging river channels, constructing setback levees, and
constructing island floodways. Each of the alternatives
analyzed would, to varying degrees, meet the objectives of
theNDP. The alternatives were formulated to guarantee
evaluation of all the different project components and to
evaluate the widest range of impacts. This is to ensure
that, ff a decision is made for a combination of facilities
not specifically discussed, the impacts will be lower and
the benefits greater than those under "Project Impacts."

The preferred alternative, which is a combination of facili-
ties, has a total cost of about $290 million and includes:

1) Dredge the main stem and South Fork Mokelumne Figure 2. Preferred Alternative
River.

2) Enlarge the main stem and North Fork Mokelumne
River with levee setbacks and channel dredging,        nor improve flood control, reduce reverse flow, improve

water quality, or reduce fishery impacts of project opera-
3) Enlarge the Delta Cross Channel gate structure, tions. Therefore, the NDP, in conjunction with continued

and increased use of water conservation and reclamation
4) Acquire the necessary state and federal permits, andmeasures, is needed to meet the multi-objective goals

~ planned for the Delta.
5) Test mitigation river collector wells and fish screens.

Extraordinary water supply a.nd demand reduction alter-
Water conservation and reclamation alternatives werenatives were compared to the alternative operational
also evaluated. Impacts associated with conservation andplans with the NDP. These comparisons also provitted the
reclamation programs are generally insignificant unlessbasis for defining the municipal and industrial yield bene-
construction is involved. Brine disposal and energy con-fits of the NDP in the economic evaluation. These ex-
sumption are considered as water desalting impacts, traordinary measures are in addition to water conserva-

tion and waste water reclamation measures included in
Water conservation and reclamation measures would helpstatewide future water supply planning. Moreover, ex-
reduce the projected water delivery shortfalls. Thesetraordinary water conservation alternatives are needed to
measures, however, could provide only a part of the addi-help offset the 400 TAF shortage expected to occur 10 per-
tional water needs. In addition, these measures, alone,cent of the time by 2010 with all currently planned expan-
will neither provide operational flexibility for the SWP sions of the SWP, including the preferred alternative.
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Program Benefits Delta water also contains precursors of trilaalomethanes
(THMs), suspected carcinogens produced when chlorine

The NDP will provide numerous benefits: used for disinfection reacts with natural substances during
Reduce North Delta Flooding. The most pressing problem in the water treatment process. Dissolved organic corn-

the north Delta study area is repeated and extensivepounds that originate from decayed vegetation act as pre~

flooding of the leveed tracts andislands. Both the limitedcursors by providing a source of carbon in trihalomethane

¯ channel capacities and the inadequate levees contributeformation reactions. During periods of reverse flow, bro-

to this critical problem, as was illustrated during the Feb-mides from the ocean intermix with Delta water at the

ruary 1986 flood, western edge of sherman Island. When bromides are
present in water along with organic THM precursors,

The NDP will improve the conveyance capacity of the trihalomethanes are formed that contain bromine as well
lower Mokelumne River by dredging and levee setbacks,as chlorine.
Channel capacity will be adequate to safely pass the
100-year flood. Drinking water supplies taken from the Delta are treated

to meet current THM standards; however, more restric-
Reduce Reverse Flow. Limited channel capacity in therive standards are being considered by EPA. If adopted,
north Delta also contributes to reverse flow in the western tighter standards will increase the cost and difficulty of
portion of the Delta. Reverse flow occurs when there is a treating present Delta~water sources. By reducing reverse
net movement of water upstream from the west Delta to- flow, export water would follow a more direct path, avoid-
ward the State and federal export pumps near Tracy. Thising ocean bromides and reducing THMs. Potential reduc-
reverse fiow disorients migratory striped bass, salmon,tion in THM formation will significantly contribute to-
and steelhead. It also pulis eggs, larvae, fish food organ-ward compliance with the Safe Drinking Water Act.
isms, and small fish from the west Delta nursery area to-
ward the pumping plant, where they suffer heavy losses.Reduce Fishery Impacts. Existing measures taken to im-

prove and protect the Delta fishery include the following:
Reverse flow could be reduced by increasing the transfer
efficiency of the northern Deita channels. Also, water ¯ Delta Pumping Plant Fish Agreement;
supply for the SWP would be considerably increased. Cur-¯ Protection standards for flow, quality, operation of
rently, during the operational periods that cause reverse the Delta Cross Channel and export facilities;
flow, more water than is otherwise needed must be re-
leased from project reservoirs to repel intruding sea water̄ Protective laws for fish and wildlife; and
and to maintain required water quality in western Delta
channels and meet export quality standards. The amount̄ Funding for environmental research and monitoring.

of extra outflow required is substantial. Additional improvements can be provided by reduction of

With a reduction in reverse flow, upstream fresh water reverse flows, which create an undesirable environment

storage could be used more efficiently to repel salt waterfor migrating fish, young striped bass, and fish food organ-

to meet Delta protective standards and export water qual-isms. Reverse flows increase direct impacts on fish at the

ity needs. _ Skinner Fish Facility and other diversion pointS, primarily
because striped bass lai-vae and juveniles are in high con-

Improve Water Quality. Reduction or elimination of re- centrations where reverse flow exists in the San Joaquin
verse flows will improve the quality of water in the Delta. River and west Delta. During reverse flow conditions,

Water quality in the Delta is presently being protected byhigher concentrations of fish are carried to state, federal

many standards, including the Safe Drinking Water Act and local export facilities.
administered by EPA, SWRCB, and by the CoordinatedFishery conditions could also be improved by constructing
Operation Agreement between Reclamation and DWR. setback levees. New setback levees would provide more
In addition, various contracts with Delta users also in-shoreline, while water-side berms can provide heavily
clude other levels of water qual!ty protection. The stan- shaded riparian habitat and shallow areas, which are im-
dards are periodically reviewed by the SWRCB to protect portant to resident fish.
beneficial uses of. the water supplies. However, water
quality conditions can be further improved by reducing re-Negotiations are currently under way between DWR and
verse flow. DFG to develop appropriate mitigation measures for curt

x~v
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rent and projected project impacts in accordance with Ar- lead to additional recreational development. Dredging
ticle VII of the Two Agency Fish Agreement (1986). would make accessible some scenic stretches of channel.

Levee setbacks would create berm islands and additional
Improve Project Efficiency and Water Supply Reliability. In shoreline for riparian habitat and recreation.
addition to the need for improved water transport condi-
tions in the north Delta, north Delta hydraulic improve-Details of potential recreational development can be
ments will be needed to meet future local and statewidefound in the Recreation Facilities Plan for North &.South
water demands. The State’s yearly net water needs areDelta (Ebasco, March 1988). The study presents conceptu-
projected to increase some 1.4 million acre-feet (MAF) al level cost estimates for several suggested recreation
from 34.2 MAF in 1985 to 35.6 MAF in 2010. Improved areas that can be developed in conjunction with the NDP.
north Delta hydraulics, an enlarged forebay, and a permitThe recreational development plans are consistent with
for SWP to pump up to 10,300 cubic feet per second (cfs)provisions of the Davis-Dolwig Act, which requires con-
would add operational efficiency, water supply reliability,sideration of recreational facilities as part of any new SWP
and operational flexibility to both the SWP and the CVP. facility.

DWR estimates that the SWP could gain about 200 TAF/ Enhance Wildlife Habitat Setback levees and wide berms
YR in dependable supply from the added efficiency of theoffer an excellent opportunity to develop habitat for wild-
NDP. life. The land would be publicly owned and available for

non-intensive recreation. Setback levees are the primary
Improve Navigation. Narrow, shallow channels restrict tool for avoidance mitigation and for providing areas for
navigation in a number of north Delta channels. Deepen-replacing or enhancing fish and wildlife values.
ing and widening these channels, as well as removing
some snags, will improve boating safety in the north Del-The necessity for levee maintenance and inspection has
ta. Barge access to the levees will facilitate more cost el-eliminated much of the vegetation from the levees in the
fective levee maintenance operations. Delta. Shallow marsh, riparian forest, and shaded riverine

aquatic cover have been greatly reduced. The NDP can
Enhance Recreational Opportunities. Various componentsavoid impacts to these habitats and at the same time
of the NDP would enhance recreational opportunities increate additional habitat by setback levee construction.
the north Delta: Proposed channel improvements couldDesirable attributes include extensive shallow, low-veloc-

Stone Lakes Area
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ity areas that have abundant vegetative cover in and overConstruction Impacts. Impacts due to construction of the
the water. The creation of uniformly deep, open water project components are temporary and consist of:
habitats or extensive high-velocity aquatic areas is not de-̄ ~ increased traffic in the project area;
sirable. Whether such berms should be planted with trees
and shrubs or allowed to revegetate naturally would bē disturbed vegetation in the project area;
determined on a site-by-site basis. ¯ possible disrupted local utilities; and
The purchase of additional land adjacent to or near thē release of potentially toxic substances in channel sedi-
project area for mitigation, such as the Stone Lakes Ref- ments, increased turbidity and erosion associated with
uge, can also add to the overall enhancement of the area dredging and levee construction.
for fish and wildlife.

Preliminary analysis of sediments at some locations in the
Economic Assessment                 north Delta channels indicates that they may contain sig-

The following table shows the estimated economic bene-nificant concentrations of mercury. Tributyltin was also

fits the NDP will provide to SWP service areas, detected, but there are no data currently available for de-
termining whether the concentrations are significant.

Annual Benefit DWR is developing a dredged material testing program to
Re_ggj_~_ ( $ million) quantify the concentrations and to develop management

procedures for mitigating any harmful effects.
M&I

South Coast 41.2 Impacts on Wildlife and Wildlife Habitat. Under the pre-
ferred alternative, agricultural land adjacent to existing

Central Coast 1.2 channels will be purchased and converted for use in chart-
San Francisco Bay 3.5 nel enlargement and mitigation lands. Losses of wildlife

Tulare Lake 1.0
habitat will be fully mitigated through creation of habitat
on waterside berms and existing levees left as channel is-

Subtotal 46.9 lands in the enlarged channels, DWR participation in the
Agricultural Stone Lake Wildlife Refuge, or other mitigation mea-

sures at appropriate locations.Tulare Lake 2.7

Total 49.6 The reduction in flooding could impact the ecological bal-
ance in areas historically subject to inundation. The
Cosumnes River Preserve and surrounding land and the
Beach-Stone Lakes areas, which are prime areas for

Environmental Assessment Valley Oak riparian forest and wetlands habitat restora-
tion, maybe adversely impacted by these changes.. DWR

Table 1 summarizes the evaluation of the 11 alternativesis committed to mitigating any adverse ecological impacts
with respect to program purposes and benefits. Environ-in these areas that may occur as a result of the proposed
mental impacts were evaluated and compared for all theproject and will continue to explore possible mitigation
alternatives. Impacts associated with the preferred alter-options with the responsible agencies.
native are described below and summarized in Table 2.

Energy Impacts. To the extent that water deliveries Impacts on Salmon and Steelhead. Under the preferred al-
ternative, increased water transfer through the Deltathrough SWP facilities will increase due to implementa-Cross Channel may cause some negative impacts to tui-tion of the NDP, SWP energy requirements will also in-
grating salmon and steelhead. Reduced reverse flows increase. The estimated average annual increase in energythe lower San Joaquin River should produce benefits for

requirements is about 1,170 gigaWatt hours (GWH).migrating salmon and steelhead. Mitigation measures, in-About 290 GWH of this would be recovered by SWP re-
cluding proposed temporary closures of the Delta Crosscovery generation on the aqueduct. Operational flexibil-
Channel gates, will be evaluated to improve existing con-ity achieved by implementation of the NDP will also par-
ditions for salmon and steelhead.tially offset SWP energy requirements through use of

both off-peak energy and short-term bulk power avail- Impacts on Striped Bass. Under the preferred alternative,
able in the market, increased water transfer through the Delta Cross Chan-
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nel may cause some negative impacts to striped bass. Re-Development of Wildlife Areas. Land acquisition and cre-
ductions in reverse flows in the lower San Joaquin Riveration of channel islands and waterside berrns will be in-
should produce benefits for striped bass. The net impact iscluded with this program. DWR is committed to partici-
expected to be neutral to positive. Mitigation measures,pate in the Stone Lake Wildlife Refuge to provide
including proposed temporary closures of the Delta Crossmitigation for implementation of the NDP.
Channel gates, will be evaluated to improve existing con-
ditions for striped bass. Interagency Programs. The Interagency Health Aspect

Monitoring Program for the Sacramento-San Joaquin Es-
Impacts on Resident Fish. Direct impacts of the preferred tuary is partially funded by DWR. The Interagency Eco-
alternative on resident game and non-game fish were eva-logical Study Program involves funding by both DWR and
luated. The impacts were found to be insignificant. LeveeReclamation. Both organizations are committed to sup-
setbacks and associated berm and channel islands willport studies conducted by the programs. These studies
create additional shallow water and shaded riverine habi-will provide a sound basis for mitigation measures.
tat.

Potential Cumulative Effect
Water Conservation, Water Reclamation, and Water Market-
ingActions. These actions will be an integral part of all fu-

Table 3 shows the potential future cumulative effects ofture wate~ development. Significant reductions in de-
the NDR Not all the water resources activities listed in mands have occurred from programs implemented since
this table will be implemented in the near future, and1975. Additional programs will be implemented along
some will extend beyond the scope of current statewidewith the NDP.
water resources planning. Just how all these activities in-

Mitigation for.Energy Impacts. Increased SWP energy re-ter-relate is difficult to project. However, certain assump- quirements will be partially offset by efficient energy con-tions can be made to combine actions with mitigation and
thus produce favorable effects on the cumulative impactssumption through use of off-peak energy.

of the NDP. Other assumptions could combine actionsMitigation for Construction. Mitigation measures for con-
without mitigation, thereby producing adverse impacts, struction consist of use of roads during off-peak hours,

dust control, and replanting of vegetation in the projectMitigation Measures
area. Such mitigation actions can reduce or eliminate the

Objectives of the NDP include improvement of existing impacts caused by construction. Monitoring and manage-
conditions in the north Delta; therefore, mitigation andment of dredged material can mitigate potentially harm-
enhancement features are an integral part of north Deltaful effects of toxic contaminants.
planning:

Archeological and Cultural Resources. The design and spec-
Fish Agreement (Article VII). The existing ’~greement to ffication of the project willinclude avoidance of known at-
Offset Direct Fish Losses in Relation to Harvey O. Banks cheological and cultural resource sites. Also, if it is deter-
Delta Pumping Plant" provides in Article VII for further mined during construction that sites meeting the criteria
negotiations to develop; continue, and improve mitigationof the National Register would be adversely affected, the
measures for the Delta estuary. These negotiations,State Historic Preservation Officer will be consulted to
which have already begun, are between DWR, the De- develop acceptable mitigation procedures.
partment of Fish and Game (DFG), and Reclamation.
Negotiations are conducted publicly, and input from envi-Mitigation for cumulative impacts generally consists of:
ronmental groups and water users is encouraged. ¯ safeguards by laws, regulations, and water rights stan-
The negotiations will include provisions for the Bay-Del- dards;
ta estuary along with mitigation measures that can be pro-̄ actions to offset losses in the estuary, such as thevided by NDP. Development of specific mitigation mea-

Suisun Marsh protection agreement to provide pro-sures for NDP will be guided by the negotiating group,
tection for the Marsh;Protective measures for fish 0will alsobe designed to in-

clude measures for NDP and Los Banos Grandes, when̄ contracts between project operators and various in-
implemented, terests such as Delta agricultural and industrial users;

DWR and Reclamation are committed to the negotiation and

process and to the formulation of an acceptable mitigation̄ physical measures such as habitat improvements,
plan for NDP. grow-out facilities, fish screens, and fish hatcheries.
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Environmental Commitments

¯ Negotiate with DFG according to Article = Continue compliance with safeguards of laws, reg-
VII of the existing Banks Pumping Plant ulatory permits ~nd water rights standards.
Fish Agreement to identify additional pro- .~
tective measures for the Bay-Delta estu- ¯ Advance Suisun Marsh protective ac~tivities, includ-
ary. ing new facilities to implement the Protection

~ Agreement.
¯ Participate in development of fish protec-

tion measures according to an existing ¯ Provide protection for Delta M&I and agricultural
agreement, including a stripedbassgrow- water users through project operations and con-
out facility at ~3WP facilities and upstream tract managemenL
measures to i;nprove spawning.

~ ¯ Continue multt-~milli~n dollar.environmental inves-
¯ Continue existing-and, ff necessary, ex. tigations to help determine Bay-Delta estuary cor-

pand-- monitoring programs for sedimen- rective measurers ....
ration, scouring, seepage, water quality,
and the effectlveness of mitigation plans. " ~

¯ Obtain the necessary federal and State regulatory
permits.

¯ Protect wildlife and endangered species
habitat losses by participating in the Stone ¯ Operate SWP under the preferred alternative to not
Lake Wildlife Refuge program and protect- conflict with at~y req(J-i?ements imposed on DWR b~
ing north Delta islands from flooding, the State and federal Endangered Species Acts.

¯ Create high-quality channel berm habitat ¯ Complete the necessary archeological and cultur-
for rare plants by levee setback designs, al resources su~eys for the selected alternatives, if

any sites are fo~jnd tO be eligible for the National
¯ Mitigate for construction impacts, includ- Register and c~not be avoided, a mitigation ~lan

ing dust control and off-peak hours for will be developed.
transportation, and replanting impacted
vegetation. ¯ Continue advancement of statewide water conser-

vation and reclamation programs to lessen the de-
= Mitigate for energy impacts, including mand on Delta water supplies.

best use of off-peak energy supplies, and
project energ~ efficiency program. ¯ Participate in a ~e. �o~ry tearn~ for winterTru:~ salm-

on and obtain appropriate agreements or permits.

¯ Perform comprehensive testing of
dredged materials if used for enhance- ¯ Operate the SWP in compliance with future Delta

ment of existing levees or construction of standards set by SWRCB as the result of current
new levees, hearings.

¯ Implement the Delta Flood Pro~ection Act to protect
¯ Advance drinking water investigations to the environme_n~tally rich Delta lands from inunda-

provide for planning decisions to improve tion. Levee imp~ove~ents will be made without any
source water and treatment processes, net I~ss of existfng habitat.
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Table 1

ALTERNATIVE SUMMARY TABLE

Analysis
Reduce Improve

Reduce Improve Striped Water Improve Enhance Enhance
ALTERNATIVE Alleviate Reverse Water Bass Supply Naviga- Recreational Wildlife    Cost

Floodin~ Flow Qualit~ Impacts Reliabilit~ tion Opportunities Habitat $ Million

I No Action

2A Dredge So.Fork Mokelumne + + + 0 + + + 0 29
River

2B ~.dge So.Fork Mokelunme + ++ ++ 0 ++ + + 0 59
River & Enlarge Cross
Channel Gates

3A Dredge So.Fork & No.Fork ++ ~ + + 0 + + + 0 53
Mokelunme River

3B Dredge So.Fork & No.Fork ++ ++ ++ 0 ++ + + 0 83
Mokeltmme River & Enlarge
Cross Channel Gates

4A Enlarge So.Fork Mokehmme +++ + + 0 + ++ +++ +++ 368
& Dredge No.Fork
Mokelumne River

4B Enlarge So.Fork Mokelumne +++ +-H- +++ + +++ ++ +++ +++ 398
River, Dredge No.Fork .
Mokelune River, & Enlarge
Cross Channel Gates

5A Enlarge No.Fork Mokelunme +-H- + + 0 + ++ +++ +++ 260
River & Dredge So.Fork
Mokelumne River

6A Create an Island Floodway +-H-+ + + 0 + 0 ++ -- 250

6B Create an Island Floodway +-H-+ +++ +++ - + +++ 0 ++ -- 280
and Enlarge the Cross

Channel Gates

7 Conservation, Reclamation, 0 0 0 0 +++ 0 0 0 780
Desalinization, and Aecept-
anc~ of Increased Risk

~ Preferred Alternative

Key: + Beneficial Impact
0 Insignificant Impact
- Adverse Impact

U Unknown Impact

C--0711 32
(3-071101.032



Table 2
Summa~, of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Environmental Assessment Measures

Rare, Threatened, & The project will not be operated or constructed in violationParticipation in the recovery team for
Endangered Species of the Endangered Species Act. Improved flood control canwinter-run salmon. Study coordina-

protect Delta lands as foraging habitat for the Aleutian Can-tion for Delta smelt. Possible devel-
ada Goose, greater sandhill crane. Swainson’s Hawk habitatopment of nesting habitat for
will be protected. Swainson’s Hawk.

Resident Fish Various species of game and non-game resident fish will Habitat will be improved by creating
have increased direct impacts, ranging from 1% to 10%. added shoreline with vegetation.

Fish Food Resources Reduction in reverse flow will benefit Neomysis. More D-1485 and subsequent protection
Sacramento River water with low plankton densities will standards. Interagency ecological
flow into the Delta. study program; existing and new fish

protection agreements.

Suisun Marsh Effectiveness of existing physical protective facilities and Continued development of planned
existing agreement will not be impacted by small outflow physical improvements and analysis
changes, of operational procedures from on-

going monitoring program.

Construction Environmental impacts will be short term with no significantCaI-OSHA regulations; State and
long-term impact. Utilization of local construction work federal dredging permits; use of flag-
forces will preclude other housing and seaMces impacts, men; dust control; replanting vegeta-
There will be some increase in noise,.dust, truck traffic, andtion.
turbidity; disturbance of vegetation; minor disruption of
services (cables, gas lines, etc.) and some minimal recrea-
tional inconveniences.

Delta Outflow Some operational changes will decrease Delta outflow during ! D-1485 and subsequent protective
controlled flow conditions and will have minor impact on outflow standards. Existing and new
the environment. These same changes will reduce reversefish protection agreement. Coordi-
flow and provide some environmental benefits. Improvednated Operation Agreement.
upstreana fresh water storage will be available to provide op-
erational flexibility to control salinity and meet water needs.

Delta Outflow Pulses Minor decrease in number of pulses with unknown impact.DWR funding contribution to the
San Francisco Bay Study.

Cross-Delta Flow Increase in Cross-Delta flows will have some impact to Planned construction of a large fore-
salmon smolts and striped bass eggs and larvae due to diver-bay will provide flexibility for gate
sion from the Sacramento River. closures during periods of peak

abundance. Also, possible installation
of gates on Georgiana Slough will be
investigated.

C--0711 33
C-071101.033



Table 2 (Continued)
Summary, of Environmental Assessment for the preferred Alternative

Protection/Mitigation
Subjects Environmental Assessment Measures

Local, Municipal and Possible future water quality improvements to the ContraD-1485 and subsequent protective
Industrial Use Costa Cnal with reduced reverse flow. Reduced days of standards; various industrial water

availability of offshore supply, supply contracts; planned provisions
to interconnect CCC to Clifton Court
Forebay.

Drinking Water Quality Reduced total dissolved solids, chlorides, bromides, and D-1485 and subsequent protective
THM formation potential, standards; EPA and California

Department of Health Services
drinking water standards; SWP con-
tract objectives and Delta Health
Aspects monitoring.

Agriculture Use of approximately 1,040 acres of prime agricultural landDelta Protection Act, north and
to construct levees, berms, and channels. Improved floodsouth water agency contracts; tern-
protection for agricultural lands, porary and drought emergency facili-

ties; flood protection programs.

Water Supply Reliability Improved reservoir operations can provide more than D-1485 and subsequent protective
200,000--400,000 AF of available storage to allow greaterstandards; federal regulatory permits;
operational flexibility to meet water supply needs and Coordinated Operation Agreement;
control Delta salinity, water supply contracts.

Sedimentation, Scour- Decreased velocity in the North and South Forks of the Scour and seepage monitoring pro-
ing, and Seepage Mokelumne River could cause sedimentation; however, gram will be implemented. Periodic

no scouring is expected, channel dredging will be investigated.

Flooding Significant flood protection will be provided to north Delta Improved channels to lower flood
lands and to the towns of Walnut Grove and Thornton. stages. Administration of additional

coordinated flood control programs
will add to protection.

Navigation Increased channel depths will improve boating access. Federal regulatory permits.

Recreation Channel improvement design will incorporate boater destins-Davis-Dolwig Act.
tioin opportunities.

Wildlife Levee setbacks will provide high-quality channel island andAdded benefits from participation in
water side berm habitat. Loss of 1,040 acres of agriculturalthe Stone Lakes Wildlife Refuge
land. Program.

xxxi
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Table 2 (Continued)
Summa~, of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Enviromnental Assessment Measures

Salmon and Steelhead Increased Delta Cross-Channel flows will divert more D-1485 and subsequent protection
salmonids into the interior Delta, creating a longer standards provide for flow, salinity,
migrating path and higher exposure to predation, and operational standards for Delta

Cross-Channel and SWP and CVP
fish protection facilities. Predation
program at Clifton Court Forebay.
Participation in the recovery team
for winter-run salmon: Existing and
new fish agreements.

General impact on Beneficial changes will occur from reduced salinity and D-1485 and subsequent protection
Striped Bass reverse flows. Some of these benefits will be reduced by standards provide for flow, salinity,

increased Delta Cross-Channel flows and increased annualand operational standards for the
exports. Outflow cbangeswill have minimal effects. Delta Cross-Channel and SWP and

CVP fish protection facilities. Exist-
ing and new fish agreements.

Direct impact on Annual reduction in striped" bass yearly equivalent losses. D-1485 and subsequent protection "
Striped Bass standards; predation control

programs.

Wetlands Increase in riparian/wetland area associated with channelDWR participation in wildlife habitat
enlargement. Implementation of NDP may reduce the acquisition for Stone Lakes Refuge.
severity of flooding in the Cosumnes River Preserve and DWR participation to mitigate
Stone Lakes area. changes in flooding regime to Cosum-

nes River Preserve and Stone Lakes
Refuge~
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Table 3
Potential Future Cumulative Effects of North Delta water Management Facilities

and Potential Related Pro, iects or Actions on the Bay-Delta Estuary,

Project or Action Potential Cumulative Effect

State Water Project Additions Increase present dependable supply from 2,3 MAF to 3.6 MAF 90 percent of the time.
to Year 2010 Temporary 0:4 MAF shortage expected 10 percent of the time to be managed by
¯ Delta Pumps extraordinary conservation and water management measures. Improvements in
¯ Interim CVP Purchase Delta flow patterns and operational flexibility can reduce fishery impacts and improve
¯ Kern Water Bank drinking water quality. Delta flood protection including protection of valuable wildlife
¯ Los Banos Reservoir ,habitat~ Net decrease in Delta outflow,
¯ South Delta Program
¯ North De!ta Program

Water Conservation Increase emphasis on these measures to meet future water needs. By 2010 conservation
Water Reclamation will reduce annual demands and Delta exports by 1.3 MAE Waste water reuse will in-
Water Transfer crease annually tO further reduce diversions by 200;000 AE. Calaveras-Stanislaus Con-
Water Sharing junctive Use Program could provide improved Delta inflow and water quality. Increas-
Conjunctive Use ing population, loss of Mono Lake and Colorado River supplies and ground
Desalination water contamination will further accelerate acceptance Of these measures.

West Delta Water Management Improvement in up to 10,000 acres of wetlands and diverse habitat for wildlife, including
Program rare, threatened and endangered species. Protection against salinity intrusion resulting

from flooding.

Suisun Marsh Agreement Protection of 110,000 acres of estuary wetlands providing habitat for 200 species ofbrids
and 60 species of mammals, amphibians and reptiles.

Harvey O. Banks Delta Pumping Significant corrective actions, for striped bass, salmon and steel.head. Specifically defines
Plant Fish Agreement DWR mitigation commitment for increased pumping limits, Present actions include

striped bass growing facility and upstream spawning restoration.

Delta Flood Protection Act Increases protection of Delta waters fromsalinity intrusion due to flooding and protects
valuable habitat including habitat for rare, threatened and endangered species.

Delta Wetlands Project Project planning being conducted by private corporation. Provides added water supply
and waterfowl habitat.

Storage North of the Delta Planning is being conducted for Auburn Dana and Red Bank Project. Storage would
reduce winter and spring Delta inflow and increase summer and fall inflow. Additional
flood control and dry-year salinity protections would be provided.

Upper Sacramento and San JoaquinImproved fishery, wildlife, and riparian habitat to cumulatively add to estuary popula-
River Restoration Program tions. Actions could include spawning restoration, water temperature improvements,

hatchery improvements, and installation of fish screens.

Local Upstream Increased Use Protected by area of origin law; however, will cause cumulative reduction of inflow and
Delta outflow.

Drinking Water Quality. Wetland Further continued reductions of Bay pollutants and restrictions of reduced wetiands loss
and Waste Discharge Action due to development. Continued studies and actions to protect drinking water standards
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CHAPTER 1
INTRODUCTION

The California Department of Water Resources (DWR) Sacramento-San Joaquin Delta
proposes to implement the North Delta Program (NDP)
in two or more phases. The primary objectives of the pro-The Sacramento-San Joaquin Delta is a unique and valu-
gram are to help a11eviate flooding in the north Delta areaable resource. Natural runoff and floodflows from the
in general, and in the Towns of Thornton and WalnutSacramento, San Joaquin, Mokelumne, Calaveras, and
Grove in particular; to reduce reverse flows in the lowerCosumnes rivers flow into the Delta, which receives
San Joaquin River; to improve water quality; to reducerunoff from 40 percent of the State’s land area. Until re-
fishery impact~; and to improve water supply reliability, claimed by levees built in the late 1800s and early 1900s,
Secondary objectives are to improve navigation and to en-the Delta was a tidal marsh. The Delta supports hundreds
hance recreational opportunities and wildlife habitat, of species offish, wildlife, and plants. It is part of an inter-

connected estuary system that includes the Suisun Marsh
and San Francisco Bay and provides a passageway to and

This program is being implemented in response to: from the Pacific Ocean for migrating fish.

The Delta covers 700,000 acres interlaced with hundreds¯ repeated and extensive flooding of the leveed islandsof miles of waterways. Much of the land is below sea leveland tracts of the north Delta area; and relies on more than 1,000 miles of levees for protec-

¯ planning in south Sacramento area to include thetion against flooding. The levees protect rich agricultural

Lambert Road flood control structure; land, some communities, and hundreds of miles of high-
ways, pipelines, railroads, and power lines. Unstable lev-

¯ statewide projections showing future increased water ees and limited channel capacity lead to repeated and ex-
needs; tensive flooding. The most serious recent flooding in the

north Delta was in February 1986.
¯ drinking water concerns related to the cost and diffi-

culty of treating trihalomethane (THM) precurors; Water projects divert water from Delta channels to meet
the needs of about two-thirds of the State’s population

¯ Delta striped bass and salmonid survival, problems;and to irrigate about 4.5 million acres. Export facilities of
the Central Valley Project and the State Water Project are

¯ dramatic statewide declines in riparian and wetlandsin the south Delta, about 12 miles northwest of Tracy.
habitat; and Other diversion facilities include the North Bay Aque-

duct, Contra Costa Canal, and 1,800 local irrigation diver-¯ a growing demand for recreational facilities and op- sions.
portunities.

Water supplies for export by the Central Valley Project
The NDP affects federal, state, and local interests, and a(CVP) and the State Water Project (SWP) are.obtained
number of permits will be required before construction of from surplus Delta flows, when available, and from up-
the initial phase of the t~roject Can begin. To obtain thesestream reservoir releases, when Delta inflow is low and
permits, an Environmental Impact Report (EIR) is neces-surplus flows are not available. Most of these releases and
sary under the requirements of the California Environ-surplus flows enter the Delta via the Sacramento River
mental Quality Act (CEQA) and an Environmental Im- and then flow by various routes to pumps in the south
pact Statement (EIS) is required under the NationalDelta. Some of this water is drawn to the pumps through
Environmental Policy Act (NEPA). In order to avoid du- interior Delta channels, facilitated by the Delta Cross
plication of effort, this joint EIR/EIS has been preparedChannel near Walnut Grove. The remaining water flows
to satisfy the requirements of both CEQA and NEPA. on down the Sacramento River to its confluence with the
DWR is the lead state agency and the U.S. Army Corps of San Joaquin River in the west Delta. When freshwater
Engineers;-Regulatory Section (USACE), is the lead fed-outflow is low, water in the west Delta becomes brackish
eral agency, because it mixes with saltier ocean water entering as tidal
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SACRAMENTO - SAN JOAQUIN DELTA

Figure 1-1. North Delta Program Area of Improvements
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inflow and is drawn upstream into the San Joaquin Riverportunities. The Delta Meadows area, along Snodgrass
and other channels by the pumping plants. Slough, has especially heavy recreation use during spring

and summer.
Both the SWP and CVP must operate to meet many pro-
tective standards set for points throughout the Delta byInterstate Highway 5, State Highways 12 and 160, and lo-
the State Water Resources Control Board in Decisioncal roads traverse the northDelta area. In addition to pro-
1485. One demonstrable benefit of project operations isviding access to towns, recreation areas and other destina-
releases to controlflooding and salinity intrusion. Sincetions in the Delta, these roads serve as vital transportation
the construction of Shasta and Oroville reservoirs, salinitycorridors in the statewide network.
intrusion has always been stopped near Sherman Island in
the western Delta. Before construction of these reser- A number of small communities along the Sacramento

voirs, high concentrations of salts intruded approximatelyand Mokelumne Rivers provide agricultural, recreational

20 miles further inland towards Sacramento and Stocktonand other services in the area. These include Thornton,
Courtland, Locke, Clarksburg, Hood, Walnut Grove, Is-in dry years,
leton, and-Terminous.

The North Delta Study Area
The north Delta is basically an agricultural area, but de-

The north Delta study area (Figure 1-1) includes the is-mand for more marinas and boating facilities continues to

lands and channels south of Sacramento, north of the Sanincrease. There are large marinas at Terminous, Walnut

Joaquin River, east of Rio Vista, and west of Thornton. Grove, Oxbow (on Georgiana Slough), New Hope, and

The area contains about 170,000 acres of which 150,000along the south and east sides of Andrus Island. Sacra-

are used for irrigated agriculture. The remaining areamento County is receiving requests to change the agricul-

consists of waterways, natural areas, levees, and lands de-tural zoning to allow more intensive recreational types of

voted to residential, industrial, and municipal uses. development, and development pressure is expected to
increase.

The Sacramento River, the Mokelumne River, the
Cosumnes River, Dry Creek, the Morris0n Creek stream Planning Perspective
group converge here in a network of meandering channels
and sloughs. The development and use of water in California involves a

system of State and federal laws. Many of these laws are
With the exception of Camanche Reservoir on thevery specific to the Sacramento-San Joaquin Delta and
Mokelumne River, no designated flood bypass channelsinclude protective measures. This system is not fixed, but
or storage facilities have been constructed for theevolves yearbyyearas new issues are raised that require
floodflows carried by the North and South Forks of the changes and interpretations.
Mokelumne River.

The public involvement associated with current environ-
The Delta Cross Channel was constructed by the U.S. mental and regulatory process provides a useful forum for
Bureau of Reclamation (Reclamation) in 1951 to improvediscussions which can lead to projects that benefit all us-
water conveyance through the Delta. The Delta Cross ers, including instream uses. The process encourages
Channel, about 30 miles south of Sacramento near Wal-step-by-step negotiations. DWR has been successful in
nut Grove, diverts water from the Sacramento River into using this approach to identify concerns, interests, and al-
eastern Delta channels, including the north and southternative solutions and to move forward with projects to
Forks of the Mokelumne River. During periods of exces- protectthe Delta and meet future water needs of Califor-
sive flow in the Sacramento River, the gates of the Deltania.
Cross Channel are closed to prevent floodwaters from the
Sacramento River from increasing flooding in the interiorThe environmental documentation process provides the
Delta channels. During periods of normal and low flow, information necessary for federal and State regulatory
the gates are left open. permits and agreements. Federal regulatory permits are

required to authorize all work in navigable waters and dis-
Native oaks, cottonwoods, willows and rules grace thecharge of dredged or fill materials in waters of the United
banks of many channels, sloughs, and adjoining lands,States, including wetlands. This requirement assures in-
providing excellent wildlife habitat and recreational op-volvement in and review of the planning process b~y key
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federal agencies such as the Corps, the National Marinē Federal Fish Agreements for Tracy
Fisheries Service, the U.S. Fish and Wildlife Service, and̄ Banks Pumping Plant Fish Agreement
the Environmental Protection Agency. ¯ Suisun Marsh Protection Plan

CEQA/NEPA Process ¯ Porter-Cologne Water Quality Control Act
¯ Water Rights Protective Standards

The NDP will comply with and utilize the guidelines es- ¯ Coordinated Operation Agreement
tablished in the California Environmental Quality Act
(CEQA) and National Environmental Policy Act (NEPA) ¯ Delta Flood Protection Act

as part of the planning process. ¯ Regulatory permits
: ¯ Endangered Species Act

The California Environmental Quality Act, Public Re- ¯ Fish and Wildlife Coordination Actsources Code Section 21000 et seq., establishes a strong
public policy for preservation and enhancement of theDelta Protection Act. The Delta Protection Act, enacted in
State’s environment. It also provides that environmental1959, recognizes both the needs of the Delta and the
factors should be considered in planning and feasibilityneeds for exportation of water from the Delta to other
studies. Any facility to be constructed by or under the parts of the State. However, the first priority is the saris-
authority of the State requires an environmental impactfaction of the reasonable needs for water in the Delta.
report if the facility may have a significant effect on the The DeIta needs protected by this Act include consump-
environment, rive uses--such as agricultural, municipal, and industrial

use.
The National Environmental Policy Act, 42 U.S.C. Sec-
tion 4321 et seq., contains a strong federal commitment toArea of Origin Protection. The Area of Origin provisions of

the Water Code set forth restrictions and limitations topreserve and enhance the human environment. It pro-
vides for preparation of an environmental impact state-protect the water requirements of the county of origin or

ment for facilities constructed by the federal governmentthe watershed in which water originates. Since the

or its licensees or for facilities funded by the federal gov- Burns-Porter Act declares the Delta to be part of the Sac-

ernment or subject to federal government approval whereramento River watershed, the Delta falls underarea of
the project would be a ma~or action with significant ira- origin protection. This protection grants the entities in ar-
pacts on the environment, eas of origin the right to construct projects or make diver-

sions without being subject to the prior rights acquired un-
The environmental documentation process is used totier State applications for the SWP. It also grants the
gather information on impacts, alternatives, and mitiga-Delta, and all other areas of origin, certain preferential
tion. Information heeded for federal, State, and local per-fights to contract for project water within the general
mits is also being incorporated into this process. Permitsframework established in the State water supply con-
are discussed in more detail in the regulatory permits sec-tracts.
tion. See Chapter 7 for a discussion of environmental doc-South Delta Agreements. The effects of SWP and CVP op-
umentation and public involvement., erations have been studied as part of the discussions and

Related Delta Protective Measures negotiations between the South Delta Water Agency
(SDWA), Reclamation, and DWR. The three agencies
have been working together to develop long-term solu-The history of water resources planning in California
tions to the water supply concerns of water users in theshows many efforts, in addition to CEQA and NEPA, to

organize and implement programs that include Delta pro-southern Delta.
tection. A number of these protective measures are dis-To date, various agreements have been negotiated in con-
cussed below: nection with south Delta planning activities. Further ne-
¯ Delta Protection Act gotiations are under way on a permanent agreement. The

following describes the agreements, their relationship to
¯ Area of Origin Protection one another, and the goals of each.
¯ South Delta Agreements

The ’Ngreement on Framework for Settling Litigation
¯ Delta Water Contracts Brought by the South Delta Water Agency Against the

4
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United States and the California Department of Water presently under study. A possible alternative, which
Resources" (October 1986) established a process for would convert the land to wildlife habitat is discussed
DWR, Reclamation, and SDWA to resolve the litigation in the planning report, West Delta Water Management
filed by SDWA on July 9, 1982. The agreement includes: Program, July 1988.

¯ a plan to determine and to implement long-term so-̄ Western Delta Municipal Water Users. Two contracts

lutions to the water supply problems in the south are in effect for replacement of municipal water sup-

Delta region, plies in the Antioch-Pittsburg area. One is with the
Contra Costa Water District (CCWD) for a municipal

¯ interim actions to be implemented while the long- water diversion at Mallard Slough near Pittsburg; the
term solutions are berg developed. Reclamation is to second covers use by the City of Antioch. Each con-
provide water releases from New Melones Reservoir; tract provides that DWR compensate each entity for
DWR, Reclamation, and SDWA are to develop a its additional costs of purchasing a substitute water
method of forecasting low tide conditions; and Recla- supply from the Contra Costa Canal to replace off-
marion is to consider modifying~ export operations shore supplies lost because of SWP operation.
when necessary.

¯ Western Delta Industrial Water Users. One contract is
Interim actions to be carried out by DWR are delineated in effect with Fibreboard Corporation, a paper manu-
in the"Joint Powers Agreement Regarding Mitigation for facturer at Antioch. DWR pays its share of the in-
the South Delta" (June 1986) between DWR and SDWA. creased costs to purchase and treat water from the
The four interim measures are: 1) dredging Tom Paine Contra Costa Canal when the water quality of
Slough (1986); 2) installing Middle River Weii: (1987);3) Fibreboard’s San Joaquin River supply deteriorates
constructing siphons in Tom Paine Slough (1989); and 4) below its industrial requirements. Negotiations are
restricting operations at Clifton Court Forebay. (These continuing on a similar contract with Gaylord Con-
restrictions were relaxed when the first three measures tainer Corporation for water used by its paper mill at
were completed). Antioch. Gaylord has recently purchased the

Fibreboard mill.
The "Joint Powers Agreement for Tom Paine Slough" be-
tween DWR, SDWA, and Pescadero Reclamation District Federal Fish Agreement For Tracy. The Bureau of Recla-
#2058 established details of the process for dredging Tommation has an agreement with DWR and the Depart-
Paine Slough and constructing the siphons.    ~ ment of Fish and Game 0DFG) for the biological moni-

toring and overseeing of the operations of the Tracy Fish
Delta Water Contracts. Under State law, water users in the Collecting Facility (along with the State’s John E. Skinner
Delta are entitled to contract with the SWP for water or ¯ Fish Protective Facility). Through the agreement, Recla-
water quality protection. Under a SWP contract, water marion funds a biologist to collect data and monitor the
entities can receive water quality benefits beyond whatoperations to improve the screening and salvaging of fish.
they would receive by virtue of the Delta standards alone.Currently, Reclamation and DFG are negotiating on im-
DWR has negotiated long-term agreements with theproving the CV-P fish screens and on compensating for
North Delta Water Agency and the East Contra Costa Ir- fish losses.
rigation District to protect agricultural uses. DWR also
has contracts with western Delta municipal and industrialBanks Pumping Plant Fish Agreement. The ’Ngreement

water users. Negotiations with Central Delta Water between the Department of Water Resources and the De-

Agency and South Delta Water Agency (see South Delta partment of Fish and Game to Offset Direct Fish Losses
Agreements) are now proceeding. SWP contracts in thein Relation to the Harvey O. Banks Delta Pumping Plant"

Delta are discussed below: was signed in December 1986. Direct losses are defined as
losses of fish that occur from the time fish are drawn into

¯ North Delta Water Agency. DWR and the North Delta Clifton Court Forebay until the surviving fish are re-
Water Agency signed a contract in 1981 to protect turned to the Delta. Losses occur in spite of fish screens
water supply and water quality in the agency’s serviceat the pumping plant.
area, including Sherman Island. Their agreement
provided for a future overland water.supply facility The agreement sets up a procedure to calculate annually
for the island in lieu of offshore water quality. This direct losses of striped bass, chinook salmon, and steel-
long-proposed facility and possible alternatives arehead, and requires DWR to pay for mitigation projects
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that would compensate for or offset the losses. Losses ofIn addition to DWR, Reclamation and DFG, and other
other speciesof fish will be mitigated as impacts are iden-representatives from the environmental, water, and fish-
tified and appropriate mitigation measures are found,ery communities are involved in the Article VII negoti-
DWR also provided $15 million to initiate a program thatations in an advisory capacity.
will yield "quickly demonstrated results" for the fishery
resources. The monies in this fund are in addition to the

Suisun Marsh Protection Plan. The objective of this pro-

compensation for annual losses as outlined in the agree-gram is to develop and implement a plan to mitigate the

merit, adverse effects of the SWP, the CVP, and other upstream
diversions on Suisun Marsh water quality. This Program

Fish populations in the Delta are influenced greatly by a    directly relates to Water Rights Decision 1485 issued by
the State:Water Resources Control Board (SWRCB) in

number of complex interactions, none of which has beenAugust 1978.
identified as the prirtcipal environmental factor. Delta in-
flow, water exports,introduction of new species, powerThe Suisun Marsh plan of protection was developed by
plants, consumptive uses, upstream and local diversions,DWR, Reclamation, DFG, and Suisun Resources Con-
tidal action, levee failures, pollution, agricultural returnservation District. First-stage implementation was ac-
fiows, and.recreational and commercial activities are allcomplished with construction of the initial facilities in
recognized factors that to varying degreeS affect the fish 1980. Following completion of these facilities, the four
resources of the Delta: agencies worked toward an agreement that would moder-

ate the adverse effects of all upstream diversions on the
Both departments, however, recognize that the overallwater quality in the marsh.
fishery resources dependent .upon the Delta have been
adversely affected by the SWP, CVP, and other water re- The Four-Agency Suisun Marsh Preservation Agree,

ment, as well as two auxili..ary agreements, were signed insource development projects. . March 1987. Implementation of the plan is continuing.

Additional negotiations are being conducted under theThe key facility of the p!an, the Salinity Controi Gates,
existing agreement between DWR and DFG. Article VII was installed in 1988.
of the agreement requires the parties to "...begin discus-.
sions on developing ways to offset the adverse fishery im-Porter-Cologne Water Quality ControIJtct. The Porter-Co-

pacts in the SWP which are not covered in that agree-logne Act gave State government the authority and organ-

ment, including facilities needed to offset fishery impactsizational structure to regulate the quality of surface and

and provide more efficient conveyance.of water." DWR ground water. The Act states that "...the quality of the
and DFG wish to fulfill their obligations under ArticleVII waters of the state shall be regulated to attain the highest
of the agreement by committing to negotiations for enter-water quality which is reasonable.."

ing intO a Framework Agreement and subsequent agree-Enacted in 1969, the Porter-Cologne Act allows for each
merits. This Framework Agreement will be designed to regional water quality Control board to formulate and
establish a procedural framework for commitment and ex-adopt water quality control plans for all areas within the
ecution of an agreement, or series of agreements, de-region. Plans are adopted by the appropriate regional
signed to identify, evaluate, and implement the measuresboard to meet requirements Of the Porter-Co!ogne Water
necessary to improve fishery and wildlife resources in theQuality Control Act, are submitted to the SWRCB for ap-
estuary, proval, and are finally submitted to the Environmental

Protection Agency for federal approval Such plans be-
Reclamation has also determined tha~ it is in its best inter-come effective upon approval by SWRCB. Through this
est toparticipate with DWR and DFG in the negotiationsreview and approval procedure, the plan becomes the offi-
and be a Signatory to the Article VII framework. After the cial federal and State water quality control plan.
framework agreement is finalized, the parties will evalu-
ate the SDWMP and NDP and their potential impacts and The federal Clean Water Bond Act was approved in 1970.
wiI1 define special measures to mitigate and improve fish-This act provided funds to develop a water quality control
ery conditions in the estuary. An agreement, or series ofplan, or Basin Plan, for each of the 16 planning basins in
agreements, will be negotiated, committing the parties tothe state. The Basin Plans are prepared in accordance
implementation of mitigation measures, with the requirements of California’s P0rter-Cologne
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Water Ouality Control Act and federal water pollution mon water supply in the Delta. The purpose of a coordi-
control laws and regulations, nated operation agreement (COA) is to assure that each

project obtains its share of water from the Delta and bears
Water Rights Protective Standards. In 1967 the water quality its share Of obligations to protect other beneficial uses of
control and water right functions of the State werewater in the Delta and the Sacramento Valley. Coordi-
merged so that necessary interrelationships betweennated operation by agreed-upon criteria can increase the
water quality and availability of unappropriated waterefficiency of both projects.
could be considered together by a single State agency.

On May 20, 1985, both agencies agreed to a COA de-
The water quality control plans and the water right deci-signed to increase the efficient use of existing water sup-
sions adopted by the SWRCB for the Delta represent aplies by defining a sharing process for the SWP and the
unified effort by SWRCB to develop under its full author- CVP to meet in-basin use and exports. The sharing for-
ity water quality objectives and standards to protect bene-mula provides for CVP/SWP proportionate splits of 75/25
ficial uses of Delta water supplies; recognizing the respec-responsibility for meeting in-basin use from stored water
tive rights of all users to such supplies, releases and 55/45 for capture and export of excess flow.

SWRCB has issued water right permits to DWR ~nd The agreement also requires both DWR and Reclamation
Reclamation to allow those agencies to withdraw waterto meet a set of protective criteria for flow standards,
from the Delta and export it to areas of need. In issuingwater quality standards, and export restrictions taken

the permit, the Board must reconcile, according to thefrom SWRCB Water Rights Decision 1485. The projects
California ~Water Code, the withdrawal of.water and the are not to be operated to meet predetermined yields, but
prevention of unreasonable use, unreasonable method ofrather to first meet the needs in the areas of origin, includ-
use, or unreasonable method Of diversion of water, ing the protective criteria. Only then is water exported-

from the Delta. The new protective criteria at 15 addi-
Realizing the intricate interaction of factors such as Deltational stations add to Reclamation’s water quality require-
inflow, agricultural diversions, export diversions, and thements known as Tracy standards. During normal water-
environment, SWRCB has reserved continuing jurisdic-~ supply conditions, the agreement requires about 5 MAF
tion by issuing the permits with the right of subsequentof Delta outflow to meet the environmental and water
amendment of permit conditions. Consequently, begin-quality protective needs of the Delta.
ning in 1967, hearings have been called periodically to
review and adjust permit conditions to reflect updatedIn addition, the agreement addresses each party’s use of
knowledge of the Bay-Delta area. The most recent re- the other’s facilities for exchanges, conveyance, and pur-
view in this series is the ongoing San Francisco Bay/Sacra-chases of water. Section 10(h) of the agreement provides
mento-San Joaquin Delta Estuary hearing (Bay/Deltathat DWR and Reclamation promptly negotiate a con-
Hearing), which convened in July 1987. tract for 1) the SWP to wheel water for the CVP on the

basis of equal priority of SWP long-term contractors, and
The purpose of the Bay/Delta Hearing is to review, 2) for Reclamation to sell interim CVPwater to the State
broaden, and refine the 1978 Water Quality Control Planwith a priority similar to that of long-term CVP contrac-
and Water Rights Decision 1485 so that reasonable levelstors. To satisfy the protective requirements of Decision
of protection for beneficial uses, as affected by flow and 1485, the agreement provides for conveyance (wheeling)
water quality, are provided. Beneficial uses have histori-of CVP water through the California Aqueduct to the San
cally been classified under three categories: (1) fish andLuis Re~servoir to make up for CVP losses from curtail-
wildlife, (2) agricultural, and (3) municipal and industrial,merit of pumping during the striped bass spawning period.
SWRCB addresses the protection of beneficial uses byThe agreement also adds protection for the CVP by assur-
setting water quality objectives and standards for each ofing wheeling priority during periods of CVP and SWP
the categories at various points in the estuary. SWP facili-scheduled and unscheduled maintenance.
ties must operate under the constraints of the standards
set in its water rights permits. Delta Flood Protection Act. This Act of 1988 cregtes the

Delta Flood Protection Fund, which establishes Legisla-
Coordinated Operation Agreement. The CVP and the SWP tive intent to make $!2 million a year available for 10
simultaneously use the same channels of the Sacramentoyears for flood protection in the Delta. The act makes
River and the Delta to convey water, drawing upon acom- available $6 million annually for localassistance under the
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Delta Levee Maintenance Subventions Program. The re-for flood control plans. Provisions for protection of fish
maining $6 million is for special flood control projects forand wildlife habitat, as determined by the DFG, are to be
eight western Delta islands and the towns of Walnutincluded in these plans. The Delta Master Recreation
Grove and Thornton. Plan also needs t6 be considered in this planning effort.

As required by the Act, DWR developed a plan of action Key Agency Responsibilities
for flood control for the towns of Thornton and Walnut
Grove, and submitted the plan to the Legislature in Janu-
ary 1989. The plan was approved by the Legislature inA number of Federal, State, County and local agencies ex-

July, 1989, and efforts are now under way to implement it.ercise authority over land use, water management, wild-
life management, fisheries, and recreation in the Delta.

The plan calls for prompt interim action, long-term pro-
tection, coordination, cost sharing and future studies. TheUSACE has been actively involved in Delta navigation

highest priority interim action is to improve the stability ofand flood control projects since 1877, completing four

the 5.4 miles of levee, east and upstream from Interstatemajor flood control projects and eight navigation im-

Highway 5 (I-5), which is most important in protecting provement projects.

Thornton from flooding by the Mokelumne River and its
tributaries. US)kCE flood control projects include the Sacramento

River Flood Control Project, Mormon Slough, the

The Town of Walnut Grove is Currently protected by le- Calaveras River Flood Control Project, the Lower San

vees that meet National Flood Insurance Program (NFIP)Joaquin and Tributaries Flood Control Proiect, and the

standards; however, additional interim actions for WalnutSacramento River Bank Protection Project. In the north

Grove were recommended in the plan 0f action. The mostDelta study ar~a, project levees ~onstrncted by USACE

important is to provide an all weather gravel surface fornowline the Sacramento River, Steamboat Slough, Geor-

the levee system surrounding the town. giana Slough, Threemile Slough, Sutter Slough, Elk
Slough, and Other waterways (Figure 1-2).

Efforts are currently underway to implement the interim
measures. Implementation involves d~velopment ofUSACE has also been active in Delta planning activities

agreements for local cost sharing, development of appro-since 1962. In response to Congressional resolutions in

priate mitigation for levee work, and development of final 1948 and 1961 and Section 205 of the Flood Control Act

design and construction documents. (approved May 17, 1950), USACE initiated the Sacra-
mento-San Joaquin Delta Investigation in 196.2. Inter-
mittent work on this study, in close cooperation with

Further actions were recommended to provide long-termDWR, eventually led to the release, in October 1982, of a
protection for the entire area since expected upstream de-draft feasibility report and draft environmental impact
velopment and ongoing activities to raise levees on nearbystatement (EIS) for the Sacramento-San Joaquin Delta.
islands will continually increase peak flood stage eleva-This report set forth project alternatives for providing ad-.
tions. To reduce flood stages and provide this long termditional flood protection, controlling tidal salinity intrn-
protection, DWR recommended increasing the flood car- sion, enhancing recreational opportunities, and preserv-
rying capacity of the South Fork of the Mokelumne River ing scenic values.
by dredging and levee setbacks. These recommendations
are compatible with the NDP discussed in this report.

In addition to its historic leadership role in Delta flood
control, Section 10 of the Rivers and Harbors Act stipu-

The Delta Flood Protection Act also requires investiga-lates that USACE regulate structures or work affecting
tion of other flood control measures, such as provisions tonavigable waters of the United States. Also, Section 404
acquire easements up to 400 feet wide along levees toof the National Clean Water Act stipulates that USACE
minimize tillage and to modify land management prac-regulate discharges of dredged or fill material in waters of
tices. DWR is directed to seek appropriate cost sharingthe United States, which includes wetlands.
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The U. S. Bureau of Reclamation (Reclamation) has con- quired for any proposed.improvements in the north Delta
structed three major Central Valley Project facilities in study area are summarized in Table 1-1.
the Delta - the Tracy Pumping Plant at the head of the
Delta Mendota Canal, the Delta Cross Channel nearDWR will consult with these and all other interested

Walnut Grove, and the Contra Costa Canal. It has aagencies in formulating improvement plans for the north

strong continuing interest in Delta water quality, waterDelta. .
.~

transfer efficiency, and maintenance of the rich agricul- The Endangered Species Acts (federal and State) a~ de.-~-
tural, recreational, and wildlife resources of the Delta.signed to conserve ecosystems essential to endangered
The Coordinated Operation Agreement (1986) formal-and threatened species and promote conservation of such
ized Reclamation’s commitment to protect Delta waterspecies. The acts include animals, fish, insects (other than
quality, pests), and plants. An endangered species is one in dan-

The U.S. Fish and Wildlife Service (USFWS) plays a very get of extinction in all or a significant portion of its range;
a threatened species is one likely to become endangered.influential role as expert advisor on fisheries and wildlife
The acts protect endangered species through three majorimpacts and. mitigation for other federal agencies, such as
mechanisms: (1) listing of endangered or threatened spe-USACE and Reclamation, in the planning, construction

and operation of public works projects. The USFWS iscies, (2) agency Consultation and protection responsibili-

also responsible for enforcing the Threatened and Endan-ties, and (3) a prohibition of takings of endangered spe-
cies: One of the major strategies of the acts is to preservegered Species Act.
habitat that is critical to the survival of an endangered or

The National Marine Fisheries Service (NMFS) and thethreatened species. Any water project that requires a per-
U. S. Environmental Protection Agency also provide vitalmit from the Corps would trigger the requirements of the
environmental advice and guidance. While USACE ad-Endangered Species Acts, if it were found to endanger a

ministers the permit process for fill activities in Delta wa- listed species or its critical habitat.
terways under Section 404 of the national Clean Water

The Fish and Wildlife Coordination Act and related acts ex-Act, the EPA can prohibit or restrict such fill activities
which it determines to have unacceptable impacts on thepress the will of Congress to protect the quality of the

aquatic system. The NMFS is also responsible for enforc-aquatic environment as it affects the conservation, im-
provement, and enjoyment of fish and wildlife resources.ing the Threatened and Endangered Species Act with re-Under this act, any federal agency that proposes to con-spect to marine and anadromous species,
trol or modify any body of water, or to issue a permit

The State exercises authority over the Delta through atherefor, must first consult with the U. S. Fish and Wild-

number of agencies, including the State Lands Commis-life Service. the National Marine Fisheries Service, and

sion, The Reclamation Board, the State Water Resourcesthe California DFG. The Corps’ informal practice is to

Control Board, the Department of Fish and Game, DWR,refrain from acting on a permit until the applicant and the

the Department of Boating and Waterways, Caltrans, andfish and wildlife agencies have attempted to identify ap-

the Department of Parks and Recreation. propriate mitigation measures.

DWR has a broad mandate to facilitate improved floodNationat Historic Preservation Act (16 USC470et.seq.) Sec-

protection, water quality, water transfer, and other bene-tion 106 of the National Historical Preservation Act

ficia! uses of the Delta through a number of legislative(NHPA) requires federal agencies to evaluate the effects
of federal undertakings on historical, archeological, andacts.
cultural resources. Agencies are required, within the vi-

County and local agencies most directly affect the dailycinity of proposed projects, to identify historical or at-
lives of Delta residents, providing police and fire protec-cheological properties, including properties on the Na-
tion, regulating !and use, and maintaining nonproject lev-~ tional Register of Historic Places, and those that the
ees. agency and the State Historic Preservation. Office

(SHPO) agree are eligible for listing in the National Reg-
Any major project contemplated for the Delta must ad- ister. If the federal project is determined to have an ad-
dress a broad range of public interests, in part protectedverse effect on National register properties or those eligi-
through the review and permitting process of the key fed-ble for listing, the agency is required to consult with the
eral, state, and local agencies. The potential permits re-SHPO and the Advisory Council on Historic Preservation
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Table 1-1
Potential Permits

Agency ] ~ Permit Description ] Permit Conditions

Corps of Engineers (in Department ~f Army Permit Permit under Section 404 required for any proposal to discharge dredged or fill
coordination with U.S. (Section 404, Clean Water Act; material into waters of the United States; or permit under Section 10 required
Fish and Wildlife ServiceSection 10, Rivers and for any proposal to locate a structure or alter navigable waters in the United
and Environmental Harbors Act). States, including tidal wetlands.
Protection Agency)

Department of Fish Navigation Dredging Permit Required for any proposal to use suction or vacuum dredging equipment in
and Game any river, stream, or lake designated as open.

Stream or Lakebed Required for any activity that will change the na!ural state of any river, stream, or
Alteration Agreement lake in California.

Caltrans Encroachment Permit Required for any proposal to do work or place an encroachment on or
near a State highway or proposal to develop and maintain access to or from
any State highway.

Utility Encroachment Required for work done by public utility companies providing services, such
Permit as gas, electricity, telephone, for most work within the right of way of a

State highway.

The Reclamation Encroachment Permit Required for any activity along or near the banks of the Sacramento and
Board San Joaquin rivers or their tributaries. The Reclamation Board also issues

encroachment permits for activity on any "designated floodway" or flood
control plan adopted by the Legislature or the Board within the Central
Valley.

Mr Pollution Control Authority to Construct Required for any proposal to construct, modify, or operate a facility or
District equipment that may emit pollutants from a stationary source into the

atmosphere.

Permit to Operate Required for any proposal to operate equipment that emits pollutants into
the atmosphere. A Permit to Operate must be obtained from the Air Pol-
lution Control District (APCD) for the area in which the equipment is
located. The project sponsor may apply for the permit only after obtaining
an Authority to Construct from the APCD andcompleting the construction
or modification according to the terms of the Authority to Construct.

State Water Resources Permit to Appropriate Water Required for proposal to divert water from a surface stream Or other body of ware:
Control Board, Division for use on nonriparian land or any proposal to store unappropriated surface water
of Water Rights seasonally.

Department of Water Approval of Plans and Specifica-Required for any proposal to constrict or enlarge a dam or reservoir.
Resources, Division of tions and Certificate of Approval
Safety of Dams

State Lands CommissionDredging Permit Required for any proposal to dredge in State-owned swamps, overflows, marshes
tidelands and submerged lands or in the beds of navigable waters whe~’e the
State has mineral rights.
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to develop alternatives or mitigation measures to allowSan Francisco OuOTow Study. This is a study designed.to

the project to proceed, characterize the aquatic biota and circulation patterns in
San Francisco Bay. The data are bei~.gused in analyzing

Interagency Ecological Studies the impact of the timing, duration, and magnitude of
fresh-water flows on San Francisco Bay. Activities in-

In addition to the Delta protective measures discussedclude:

above, an Interagency Ecological Study Program (IESP)̄ a monthly tow net sampling program to sample the
was created in 1970 to determine the effects of SWP and temporal and spatial distribution of various species in ¯
CVP operations on the Bay/Delta ecological system and the Bay;
to find a means of eliminating, reducing, or offsetting any
adverse impacts. The program is being conducted by’ 

¯ a study to analyze the correlations between flesh

DFG, DWR, the U. S. Fish and Wildlife Service
water inflows and salinity at various locations in San

(USF~VS), Reclamation, the U. S. Geological Survey
Francisco Bay;

CLISGS), and SWRCB. Ecological studies are an integral¯ field programs to collect velocity, salinity, tempera-

part of the mitigation needed for the estuary. Under the ture, water level, and wind data. These data will be
terms of an Interagency Memorandum of Agreement used to calibrate and verify models of the hydrody-

executed on July 13, 1970, the agencies have agreed to namics of San Francisco Bay; and

jointly pursue activities that will provide the ecological ¯ a monitoring program designed to identify selenium
studies necessary for a thorough understanding of the San sources and sinks in the San Francisco Bay-Delta.
Francisco Bay-Delta estuary. The program is divided into
several parts: Fish Facilities and Related Studies. These studies evaluate

sources of fish losses at the Skinner Fish Protective Facil-

Fish Studies. These studies provide information on theity, Clifton Court Forebay, and other SWP facilities in the
Delta. The data are used to develop measures to reducefisheries resources in the San Francisco Bay-Delta area.

The primary focus of the studies have been striped basslosses. Current activities include:

and salmon. The current programs include: ¯ an evaluation of the Skinner Fish Facility operational
criteria;

¯ an annual egg and larvae survey to index numbers,
growth, and survival of the striped bass spawn; ¯ evaluations of predation losses of striped bass and

chinook salmon in Clifton Court Forebay; and
¯ a summer tow net program to index the number of

striped bass in the Delta-Suisun Bay area when thē a monitoring program to document the fishery re-

average size of the young of the year is 1.5 inches; sources, channel water quality, land vegetation, and
soil/vegetation relationships, before and after instal-

¯ a mid-water trawl program to index the number of lation of facilities in Suisun Marsh to enhance water
striped bass during the fall and winter of their first quality.
year;

Other Studies
¯ a mark-recapture program to’develop estimates of

the numbers of adult striped bass by sex and age; Studies other than those under the direction of the Inte-

¯ a study of the numbers of striped bass egg and larvaeragency Ecological Study Program include:

entrained into Clifton Court Forebay;

Water Quality Studies. Thesestudiesconsist of monitoring D-1485 Water Quality Monitoring Program. DWR regu-

programs, mathematical modeling efforts, and speciallarly conducts a compliance monitoring program to en-

studies focusing on food relationships in the San Fran-sure that the protective standards in Water Rights Deci-

cisco Bay/Delta. Some current studies include: sion 1485 are met. This has also provided important
information for environmental assessment and under-

¯ a routine sampling program for zooplankton andstanding. The program has three components:
Neomysis; and

¯ Bay/Delta Compliance - This component comprises
¯ the development and refinement of a mathematical surface water quality monitoring, which includes the

model of phytoplankton dynamics in the Delta. discrete sampling of a series of physical, biological,
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mineral, and chemical parameters. Approximately 30 smolts when they are in the Delta. Some of the cur-
stations are sampled once a month. If the Delta Out- rent activities include:
flow Index at Chipps Island is projected to fall below - studies examining the relationship between survival
10,000 cfs, the sampling rate is increased to a biweekly of smolts and such factors as water temperature, flow,
schedule. On the alternating week of the discrete export pumping, reverse flows, and water diverted
program, a continuous monitoring run is made with a through the cross-channel;
boat carrying flow-through water quality equipment.
The data are recorded on a strip chart at the rate of - evaluation of operational and physical means of re-

one instantaneous reading per minute per parameter,
ducing losses of salmon smolts.

¯ Continuous Multiparameter Network - This compo-
¯ San Joaquin River Salmon Committee - This com-

mittee is evaluating measures to improve the survival
nent consists of surface water quality continuous of smolts as they move down the San Joaquin River
monitoring at six fixed sites in the Delta. Approxi- before reaching the Delta. Some of the current activi-
mately 10 parameters are monitored at each site. ties adjacent to the Delta include:
Also, continuous monitoring of electrical conductiv-

- a mark and recapture study designed to compare theity is required at nine sites.
survival rates of those salmon smolts drawn down Old

¯ Suisun Marsh Monitoring Plan - This component is River to those salmon smolts drawn down the San
designed to meet the monitoring requirements, of Joaquin River. These data will be directly applicable
D-1485 and Bay Conservation and Development in the evaluation of facilities in the south Delta;
Permit 35-78. The data generated by this program in-
clude continuous electrical conductivity, water stage EPA San Francisco Bay Estuary Project. As part of the fed-

data collected at seven channel stations, and soil sa-eral Water Quality Act of 1987, the Environmental Pro-

linity information from an electrical conductivity net- tection Agency established the National Estuary Program

work at 18 diversion points in the marsh. The purposeto improve and protect the resources of the nation’s estu-

of this program is to examine the relationship be-aries. Within this program, the San Francisco Estuary

tween the quality of the channel waters and salinity of Project (SFEP) addresses the specific needs of the San

the soil to which it is applied. Francisco Bay/Delta area. SFEP objectives include:

¯ merging information about environmental and publicSalmon Management Planning Team. This task force was
health with social and economic factors;voluntarily established by DWR, DFG, USFWS, Recla-

mation, and the National Marine Fisheries Service during¯ providing the impetus for developing united and ef-

Phase I of the SWRCB Bay-Delta Hearings to develop an fective management of the Bay/Delta;

overall salmon management plan for the Central Valley.̄ developing a "Comprehensive Conservation and
The grouphasbeensubdividedintothreesubcommittees, Management Plan" to restore and maintain the
based on geographic areas. They are: chemical, physical, and biological integrity of the Bay/

Delta; and
¯ Sacramento River Salmon Committee - This com-

mittee is charged with evaluating measures to im-̄ developing a plan which addresses point and non-

prove the survival salmon smolts in the Sacramento point sources of pollution, including a priority rating

River upstream of the Delta. Some of the current ac- and a schedule of corrective actions.

tivities include: To aid SFEP in reaching these objectives, a SFEP Techni-

- completion of a salmon model to evaluate the im-cal Advisory Committee was formed to provide technical

pact of various environmental factors on the ocean expertise.

salmon population; Interagency Delta Health Aspects Monitoring Program. This
- evaluation of the benefits of a variety of projects program was developed in 1983 to address aspects of
that might result in enhanced production and survival water quality in the Delta that were pertinent to public
of salmon in the upper Sacramento River and tribu-health. The objectives of the program include the devel-
taries, opment of data that will be used to:

¯ Delta Salmon Committee - This committee is eva-̄ plan for control and treatment of the identified con-
luating measures to improve the survival of salmon stituents by the State Water Contractors;
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¯ evaluate the relative health begefitsof various DeltaSWP recent entitlements and other deliveries have
alternative facilities; ranged from 2.0 to 3.0 MAF annually. In addition, the

SWP has provided flood control, recreation, and hydro-
¯ support various mathematical modeling activities;electric benefits. Oroville Dam has prevented millions of

and dollars in flood damage. Recreational use continues to in-
¯ support various water supply planning activities. crease, including fishing in the California Aqueduct and

the various SWP reservoirs. Today’s annual recreation
State Water Project History and Purpose user days exceed 7 million. Hydroelectric power genera-

tion at SWP pumping’generating plants offsets the need
As the growth of California accelerated, particularly after to burn fossil fuels and. reduces pollution. Some 3 billion
World War II, State officials perceived a need for a water kwh are generated each year. Tables 1-2 and 1-3 summa-
resources development system far more extensive thanrize the benefits through 1987.
provided by the federal Central Valley Project, The California Aqueduct begins at the Banks Pumping
By 1951, State water planners outlined the fundamentalPlant and extends 444 miles. It is the principal conveyance
elements of what would become the State Water Project facility of the overall project, which now includes 22 dams
(SWP). Some important milestones in development ofand reservoirs, 8 hydroelectric power plants, and 17
the SWP were passage of the Burns-Porter Act (authoriz- pumping plants. Except for the Banks and Pearblossom
ing the Project’s initial facilities) in 1959, approval of thepumping pIants, all pnmpiflg plants along the California
California Water Resources Development Bond Act in Aqueduct have the planned pumping units installed. Ad-
1960, the beginning of construction of Oroville Dam inditional pumps at both plants are scheduled for operation
1962, and the initial operation of the California Aqueductin 1991. The Burns’Porter Act atso authorized unspeci-
in 1968. . fled additidnal future storage facilities, facilities to trans-

The maior facilities of the SWP, constructed mainly in the
fer water across the Sacramento-San Joaquin Delta, and
facilities to remove drainage water from the San Joaquin1960s and early 1970s, are shown in Figure 1:-3. Surplus

water from the Feather River watershed and the Sacra-Valley,

mento-San Joaquin River Delta is captured and conveyedAs required by the California Water Resources Develop-
to areas of need in the San Francisco Bay area, the Sanment Bond Act, Water Code Section 12934(d)(2), the
Joaquin Valley, and Southern Californim California Aqueduct system has a capacity of not less than

Thirty agencies throughout the State have contracted to2,500 cfs at all points north of the northern boundary of
the County of Los Angeles in the Tehachapi Mountainseventually receive 4.23 MAF of water a year, to be deliv-

ered as their needs develop. The existing facilities cannear Quail Lake and a capacity of not less than 10,000 cfs
at all points north of San Luis Reservoir.supply about 2.3 MAF, enough to meet present needs.

AdditiOnal facilities are planned to increase the supply. Lake Oroville, the main storage facility, is situated on the
Besides contractual obligations and agreements for waterFeather River in Butte County. SWP facilities at Oroville
supply, the SWP is required by law to provide salinity con-are operated for flood control, power generation, in-
trol in the Delta. Recreation and fish and wildlife en- stream fisheries, along with water supply for local areas,
hancement are also among the Project’s authorized put-the Delta, and export. Three upstream reservoirs on the
poses, headwaters of the Feather River are operated for local

water supply, recreation, and instream fisheries. Water
The Existing State Water Project released for fish and the other purposes, together with it-

and Related Mitigation rigation return flows, goes down the Feather and Sacra-
mento rivers and then into the network of channels in the

The SWP provides numerous benefits to the people ofDelta. Releases from the Oroville facilities contribute to
California, including water supply, flood control, recrea-Delta uses, Delta salinity control, and export needs out of
tion, and energy production, the Delta.
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Table 1-2
SWP Accomplishments Through 1987

Water Delivered (AF)

Entitlement Water Other Deliveries

Surplus

Municipal & Agricultural Municipal & Other Total
iYear Industrial Use Use Total Industrial Agricultural Water Delivery

(1) (2) (3) (4) (5) (6) (7)

1962 I8,289 18,289
1963 22,456 22,456
1964" 32,507 32,507
!965 44,105 44,105
1966 67,928 67,928

1967 5,747 5,791 11,538 0 0 53,605 65,143
1968 46,472 125,237 171,709 10,000 111,534 14,777 308,020
1969 34,434 158,586 193,020 0 72,397 , 18,829 284,246
1970 47,996 185,997 233,993 0 133,024 38,080 405,097
1971 85,286 272,054 357,340 2,400 293,619 44,127 697,486

1972 181,066 430,735 611,801 22,205 401,759 73,127 1,108,892
1973 293,824 400,564 694,388 3,161 293,255 43,666 1,034,470
1974 418,521 455,556 874,077 4,753 412,923 48,342 1,340,095
1975 641,621 582,369 1,223,990 21,043 601,859 67,170 1,914,062
1976 818,588 554,414 1,373,002 32,488 547,622 116,962 2,070,074

1977 280,919 293,236 574,155 0 0 390,176 964,331
1978 742,385 710,314 1,452,699 3,566 13,348 122,916 1,592,529
1979 690,659 969,237 1,659,896 66,081 582,308 189,396 2,497,681
1980 730,545 799,204 1,529,749 19,722 384,835 48,590 1,982,896
1981 1,057,273 852,289 1;909,562 12,000 896,428 . 283,849 3,101,839

1982 928,721 821,303 1,750,024 0 215,873 155,820 2,121,717
1983 483,499 701,370 1,184,869 0 13,019 188,596 1,386,484
1984 725,925 862,694 1,588,619 3,663 259,254 387,505 2,239,041
1985 992,538 1,002,915 1,995,453 9,638 298,034 408,904 2,712,029
1986 998,611 997,025 1,995,636 2,595 34,025 197,471 2,229,727
1987 1,096,368 1,033,718 2,130,086 6,949 107,958 385,264 2,630,257

Total 11,300,998 12,214,608 23,515,606 220,264 5,673,074 3,462,457 32,871,401
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Salinityintrusion into the Delta results from the flooding
and ebbing of ocean tides through the San Francisco Bay
and Delta system during periods when the fresh-water
outflow from the Delta is insufficient to repel the saline

Table 1-3 water. The natural fresh water outflow from the Central
Recreation and Hydroelectric Accomplishments Valley was historically inadequate to repel salinity during

Through 1987 summer months of some years. The maximum recorded
extent of salinity incursion happened in 1931, when ocean

Recreation Hydroelectric Energy salts reached Stockton (Figure 1-4). With the develop-
Supported Generated ment of the SWP and CVP, water quality standards have

Year (Recreation Days) (kilowatthours) been adopted to protect Delta uses from excessive salinity
intrusion.

1962 30,000
1963 105,000 Additional SWP storage is provided by the federal-State
1964 331,600 San Luis Reservoir in Mercer County, a transportation fa-
1965 449,800 cility reservoir in Alameda County serving the South San
1966 482,700 Francisco Bay area, and four transportation facility reser-

voirs in Southern California. Water diverted from the
1967 455,200 Delta at the Banks and Tracy plants is pumped into San
1968 931,300 628,000,000 Luis Reservoir during winter and early spring for release
1969 1,554,800 2,614,000,000 to the aqueducts during summer and fall.
1970 1,804,800 2,679,000,000
1971 2,085,900 3,302,000,000 Near the northwest edge of the Delta, the North Bay

Aqueduct delivers water to Napa and Solano counties.
1972 1,971,200 1,922,000,000 The aqueduct begins at Barker Slough south of Dixon and
1973 2,502,000 3,298,000,000 ends at the Napa Turnout Reservoir for use in Napa
1974 4,073,600 4,672,000,000 County. Along the way, water is delivered to Solano
1975 4,189,300 3,159,000,000 County users in Vacaville, Fairfield, Vallejo, and B enicia.
1976 4,239,600 2,131,000,000

At the southern edge of the Delta, 15 miles southwest of
1977 3,951,900 958,000,000 Stockton, are Clifton Court Forebay, the John E. Skinner
1978 5,773,700 2,882,000,000 Delta Fish Protective Facility, Harvey O. Banks Delta
1979 5,298,700 2,485,000,000 Pumping Plant, and the intake channel to the pumping
1980 5,701,900 2,988,000,000 plant. Clifton Court Forebay, which has a capacity of
1981 6,017,800 ~3,358,000,000 28,653 AF serves as a regulating reservoir. It ensures reli-

ability and flexibility for pumping water at Banks Pumping
1982 6,187,700 5,097,000,000 Plant.
1983 5,838,200 5,419,000,000
1984 6,273,100 3,368,000,000 Currently, seven pumps at Banks Pumping Plant (four ad-
1985 6,639,800 3,227,000,000 ditional pumps are under construction) lift as much as
1986 6,966,039 3,706,000,000 6,400 cfs into the California Aqueduct. The South Bay
1987 7,228,815 2,707,000,000 Aqueduct branches at this point and delivers water to

Alameda and Santa Clara counties. The 444-mile Cali-
Total 91,084,454 60,600,000,000 fornia Aqueduct conveys water to the San Joaquin Valley

and Southern California.

At the northern base of the Tehachapi Mountains, the
A.D. Edmonston Pumping Plant lifts California Aque-
duct water nearly 2,000 feet. The water then crosses the
mountains through a series of four tunnels. South of the
Tehachapi Mountains, the aqueduct divides. The West
Branch transports most of the water through Pyramid
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Figure 1-~4. Location of Maximum Annual Salinity Intrusion
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Lake to Castaic Lake, northwest of Los Angeles; the East ¯ The State is unable to build enough additional con-
Branch delivers water to the Antelope Valley and termi- . servation facilities to prevent a reduction in minimum
hates at Lake Perris, in Riverside County. yield.

There is a reduction in the minimum project yield for
State Water Project Supply Contracts. DWR has long-term any other reason.
water supply contracts to deliver specified annual
amounts of water to each of 30 contracting agencies.In both cases, preventive or remedial measures by DWR
These contractors are in. the Feather River basin, Baywill be considered before the shortage is applied. If a
area, San Joaquin Valley, Central Coastal area, andshortage is applied, the sum of the revised maximum an-
Southern California. The maximum annual entitlementsnual entitlements of all contractors will equal the reduced
for all contractors total about 4~.2 MAF. This represents minimum project yield.
the maximum water that would be delivered by the State
to its contractors under full contract conditions. To de-State Water Project Operation

liver this maximum amount of water would require theOperation of the State Water Project is governed by physi-full capacity of 10,300 cfs at the Banks Pumping Plant, ascal and institutional constraints. Physical factors limiting
well as other future water development features, includ-
ing the NDE SWP operations include:

available water supply, SWP demands, and delivery
Water contracts establish annual entitlements and proce- capabilities
dures for allocating deficiencies, surplus water deliveries,
and payment. In general, the annual entitlements follow

¯ power operations

buildup schedules, increasing each year until the maxi-̄ hydraulic constraintsand Banks Pumping Plant ca-
mum annual entitlement is reached. A contracting pacity
agency may request that project water be made availableThese governing factors are discussed in the following
in annual amounts greater or less than scheduled annualsections. Other institutional constraints were discussed in
entitlements, but not greater than its maximum annualthe Related Delta Protective Measures section.
entitlement.                            ~.

Available Water Supply and DeIivery Capabilities. Availabil-
If, during any year, the supply of project water exceeds theity of water supplies at the Delta varies with natural condi-
total requested water deliveries for annual entitlementstions and upstream development. Natural hydrologic
of all contractors and necessary carryoyer storage for thatvariations cause extreme fluctuations in monthly and
year, the State can sell and deliver such water as surplusyearly inflows. Winter floods produce Delta flow rates of
water. Requests for surplus watdr have a lower priority several hundred thousand cfs, while summer conditions
than entitIement requests, can decrease rates to afew thousand cfs. The total annual

volume of inflow can also vary substantially. Unimpaired
A temporary shortage of water supply can occur in any annual volumes range from less than 7 MAF in critical
year when a drought or other condition reduces projectyears to more than 70 MAF in wet years.
water available to less than the total requests for annual
entitlements of all contractors for that year. In such anUpstream development has occurred from both local and
event, the State Water Project is operated to reduce deliv-project facilities. Use within the local area has priority
cries of that year’s annual entitlement used for agricul-over project use through area of origin laws; therefore, lo-

. tural purposes by a percentage not to exceed 50 percent incal development will directly decrease project supplies as
any one year or a total of 100 percent of yearly annual ent-it occurs. By 2000, existing project firm yield supplies are"
itlements in any seven consecutive years, If necessary,projected to decrease by 300,000 AF. Upstream develop-
further reductions will be made to all deliveries, regard-ment will contribute to future shortages if proper solu’
less of use, and the reduction will be in proportion to thetions are not found.’ However, other factors in the service
entitlement, areas will also add to the frequency and severity of such

shortages. Even with extensive planned conservation ef-
The annual entitlements and the maximum annual entitl-forts, urban water demands will increase, primarily be,
ements of all contractors will be reduced proportionatelycause of.population increases. This is further complicated
under the following specific conditions: by the fact that a portion of Colorado River supplies used
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by southern California for many years will be diverted toting larger deliveries in most types of years, but at the pos-
Arizona. sible expense of reduced deliveries in the driest years.

The modified rule Curve permits approval of a reasonable
Dependable water supplies from SWP facilities are nowannual delivery early in the water-producing season with-
about 2.3 MAF per year. About half this water comes out jeopardizing the average dry-period supply that would
from Lake Oroville on the Feather River; the rest is de- be available during a recurrence of the historic 1928-34
veloped from surplus flows in the Delta, some of which drought period.
are re-regulated in ~an Luis Reservoir.

Further study and information provided by the water con-
The amount of surplus Delta water supply is affected bytractors led, in 1987, to a lower schedule of target storage,
the volume of outflow required to meet water qualityand in 1988 to a calculation of delivery by formula based
standards in the Delta established by the SWRCB. Exist-on carryover storage only.
ing standards are specified in Decision 1485, adopted inIn 1989, the rule curve was renamed the "water delivery
1978 (see discussion under Related Delta Protectiverisk analysis" (WDRA); the "Four Basin Index, which is
Measures). the unimpaired runoff from streams entering the Sacra-
The measure of delivery capability for the SWP wasmento Valley became the "Sacramento River Index"
founded on the concept of "firm yield" operation. De- (SRI); and "conservation storage" was interpreted to in-
fined as "minimum project yield, in SWP water contracts, clude: 1) Lake Oroville, 2) the State’s share of San Luis
firm yield is the dependable annual water supply that canReservoir, and 3) the balance owed to DWR by Reclama-
be made available without exceeding specified allowabletion under the COA.
reductions in deliveries to agriculture during extended dryThe 1989 WDRA used the same criteria as in 1988 for de-
periods, velopment of the risk analysis curve, but the procedure for
Beginning in 1987, contractors requests for delivery of en-determining deIivery approvals was changed. Delivery ap-
titlement water exceeded the firm yield of existing facili- provals for 1989 were based on a forecast of the SRI, with
ties. Recently, DWR has worked with the major contrac- a probability of exceedence of approximately 90 percent
tors to increase the SWP’s average annual deliveries,instead of 99 percent for the December forecast. The 99
This is done by relaxing its minimum reservoir carryoverpercent exceedence level forecast was used for March,
storage requirements to permit increased deliveries in allApril, and May forecasts.
but the driest years.

Short-range decisions for the operation of SWP facilitiesState Water Project Power Operations. DWR is one of the

are made with an annual "rule curve." The rule curve largest publicly-owned electric systems in the United
provides a rational means to decide how much water mayStates. Since April 1983, DWR has operated as a bulk
be delivered in a given year and how much should be leftpower agency. As such, DWR operates a mix of owned,
in storage as insurance to protect against subsequent drycontracted, and purchased power resources to meet SWP
periods. Until recently, the procedure used to developneeds via contracted transmission capacity. This requires
the annual rule curve was designed to assure a high prob-that DWR maintain a reliable power system.
ability of meeting future delivery schedules. This resultedDue to DWR’s unique ability to control its pumping loads,
in relatively high fall storage target levels for Lake D. WRwillalwaysbeamajorpurchaserandsellerofpower
Oroville and the State portion of San Luis Reservoir, andin the west. Managing its water and power resources will
quite often delayed approval of water delivery requestsresult in lowering the cost of delivered water to the water
until late in the water-producing season, contractors.

:As the contractors’ annual requests for entitlement waterIn addition to energy requirements, DWR must consider
continued to rise, DWR became increasingly aware thatelectrical capacity requirements--the maximum demands
alternative rule curve procedures could permit larger de-for electrical power during given periods of time. Since
liveries in average or wet years without substantially re-DWR has flexibility in regulating SWP electrical power
ducing delivery capability during dry years. With the con-load, the project is operated to minimize pumping re-
currence of the SWP contractors, one such alternativequirements during on-peak periods, when capacity and
rule curve procedure was adopted, on a trial basis, for useenergy costs are greatest. Thus, SWP maximum electrical
in 1986. The 1986 rule curve procedure relaxed the re-¯ capacity requirements occur during off-peak periods
quirements for fall carryover storage somewhat, permit-(nights, weekends, and holidays).
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SWP power requirements can vary significantly, depend-?tield increase of the four additional pumps with the 7,300
ing on the balance of water supply and water demand in acfs maximu.m is 57,000 AF per year. This is an increase in
given year. Dry conditions in northern California reduceyield of less than 3 percent over the existing project capa-
the supply of water available for delivery and decreasebility.
power requ{rements if the SWP cannot deliver full enti-
tlement requests. Power requirements also decrease if Public Scoping Issues
hydrologic conditions or actions by local water agencies
reduce demands in the San Joaquin Valley or SouthernThe scoping process for this project was carried out in two

California. stages. The first stage consisted of public scoping meet-
ings held in the spring of 1987. The second stage consisted

Hydraulic Constraints and Banks Pumping Plant Capacity. of the formal steps of s_oliciting input from concerned fed-
Hydraulic constraints can limit monthly maximum exportseral and state agencies and individuals as required by the
of the SWP. The constraints are related to: California Environmental Quality Act (CEQA) and the
¯ volume of Clifton Court Forebay National Environmental Policy Act (NEPA).

¯ forebay inlet gate size and location Stage One - Scoping Meetings

¯ capacity of southern Delta channels Stage One was initiated on July 31, 1987, when DWR
¯ flows in the San Joaquin River marled meeting announcements to individuals and agen-

cies who have in the past expressed an interest in Delta¯ tidal fluctuations at the inlet gate activities. In addition, a public notice was printed in eight
Clifton Court Forebay storage enables a high use of off-major newspapers. Meetings were held on August 25,
peak power at the Banks Pumping Plant. Inflows to the 1987 in Walnut Grove and September 11, 1987 in Sacra-
forebay are governed by tidal fluctuations, which averagemento. Several articles appeared in the local press and
3.7 feet daily. Five radial gates at the southeastern cornertrade bulletinsbefore and after the scoping meetings were
of the forebay are open during high tides and closed dur-held. At both scoping meetings, DWR representatives ex-
ing low tides. Operational procedures for the inlet gatesplained the background of the North Delta Water Man-
consist of minimizing the drawdown effects of the diver- agement Program. Participants asked questions, made
sions at all tide levels, comments, and filled out questionnaires.

South Delta channels were not designed for project op-The first stage scoping process was documented in a draft
erations; therefore, they limit the amount of water that report, North Delta Water Management Program, a Draft
can be pumped from the south Delta without eroding theReport on Public Involvement and Identification of Issues,
channels and levees. Water levels in south Delta channelsdated February 1989.
are sensitive to SWP and CVP diversions. The drawdown
effects are of concern to local agricultural diverters and Stage Two - Formal Scoping Process

have been studied as part of the discussions and negotia-
tions between the SDWA, Reclamation, and DWR.

Duringstagetwoofthescopingprocess, DWR carried out
the formal actions required by CEQA and NEPA. To

Water supply and quality issues in the south Delta are dis-comply with state regulations, DWR issued a Notice of
cussed at the beginning of this chapter. Preparation (NOP) on May 17, 1989 and the Corps of En-
Banks Pumping Plant and Clifton Court Forebay play agineers published a Notice of Intent (NOI) on May 19,
key operational role because they are at the head of the1989 in the Federal Register. In addition, on May 17,
aqueduct system. 1989, the Corps mailed 1800 copies of a Public Notice to

North Delta Land owners and various state, federal and
The physical capability of the Banks Pumping Plant willlocal entities. All documents requested public input.
increase from 6,400 to 10,300 cfs with the four additional
pumps now under construction. However, the maximumResults of the scoping process were documented in a final
monthly export rate will probably be less than 10,300 cfsreport titled North Delta Water Management Program,
because of hydraulic constraints. DWR estimates theScoping Report for Environmental Impact Report and Envi-
maximum average monthly rate with these constraints toronmental Impact Statement, dated November 1989. The
be about 6,680 cfs and 7,300 cfs in some winter monthssignificant issues identified in the scoping process are
when San Joaquin River flows are high. The estimatedsummarized in Appendix A.
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CHAPTER 2. PURPOSE AND NEED FOR ACTION

This chapter describes ~the purpose, need, physicalfrom McCormack-Williamson Tract and flow around
features, and construction activities in connectionit via Lost Slough and the main stem Mokelumne Riv-
with the proposed North Delta Program (NDP). er. During periods of heavy precipitation, flood flows

from Lost Slough, Mokelumne River, and Snodgrass
.Purposes Slough converge near New Hope Landing, and enter

the severely restricted North and South Forks
The purpose of the NDP is to meet the broad range ofMokelnmne River channels. North and South Forks
water management issues" surrounding the Delta.Mokelumne River channels must carry all the flood
The objectives of this program are to: flows from this large watershed through the north

Delta.
Alleviate flooding in the north Delta, including
the towns of Thornton and Walnut Grove; The Morrison Creek Stream Group also contributes

¯ Reduce reverse flow in the lower San Joaqgin to flood flows and is composed of Morrison~ Eider,
River; Unionhouse, and Laguna Creeks, the principal

streams within the Morrison Creek watershed. These
¯ Improve water quality; streams, located in Sacramento County southeast of

the city Of Sacramento, flow generally westward, join-
¯ Reduce fishery impacts; ing in the :vicinity of the Beach-Stone Lakes area.

. This stream group contributes flood flows from a total
¯ Improve SWP flexibility and water supply reli, drainage area of about 180 square miles. Drainage

ability; continues south through the Beach-Stone Lakes
area. Flows are then discharged into Snodgrass

In addition to meeting these objectives, the programSlough at Lambert Road and through Snodgrass
will provide the following benefits: Slough around Dead Horse Island and into the

¯ Improve navigation; Mokelumne River system (see Figure 2-2).

¯ ¯ Enhance recreational Opportunities; and The Beach-Stone Lakes area wasoriginally an. over-
. . flow area of the Sacramento River. The floodplain in
i. ¯ Enhance wildlife habitat, this area consists of yalley lands ranging in elevation

from a few feet below sea level to 20 feet above mean
These purposes and benefits are discussed in the fol-sea level. Currently, this area is generally used for
lowing sections, agriculture. It is projected that future land use in the

Beach-Stone Lakes area will include gradual devel-
Alleviate Flooding opment of the area east of I-5 and essentially little or

The most pressing problem in the north Delta studyno change in land use west of I-5. Beach Lake, North

area is repeated and extensive flooding of the leveedStone Lake, and South Stone Lake receive inflow
from irrigation return and municipal drainage watertracts and islands. Levee failures have become corn-
and from backwater from the Sacramento-San Joa-mon. Since 1980, there have been 14 such occur-

rences in the north Delta. Both the limited channelquin Delta. Some flooding occurs in most years, and

capacities and the inadequate, deteriorating nonpro-damaging floods occur once every three years on the

ject levees contribute to this critical problem, average.

The primary source of threatening flood flows to the The limited capacity and obstructions in the channel
north Delta area are from the Cosumnes River, Dry through the Stone Lakes area contribute to flooding
Creek, and Mokelumne River. These streams origi-and threaten levees in the vicinity. Flood flows aug-
nate in the central Sierra Nevada with a total drain- mented by high tides add to the pressure against le-
age area of about 2,000 square miles (Figure 2-1).vees and have resulted in breaching and/or overtop-
Flows from these streams converge just upstreamping of levees. These problems may be worsened as
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LEG E N D ~ Morrison Creek Drainage Basin [-""---"! Dry Creek Drainage Basin
r~ Cosumres River Drainage Basin ~ Mokelurrl~ River Drainage Basin

Figure 2-1. Mokelumne River Watershed, Including Tributaries

upstream development increases peak inflows to thevee south of Walnut Grove, the town would have
north Delta. flooded, and residents would have been driven from

their homes. This near disaster demonstrated the ur-
During the February 1986 flood, massive flows from gent need for a flood control project (’Figure 2-4).
the Cosumnes River, Mokelumne River, and local
creeks poured into the northeast Delta. The peakIncreasing channel capacity will help a great deal, bu[
flows far exceeded channel capacities, and spilled outwill not be enough. The lev~es protecting low-lying
over low-lying areas between Freeport andareas must be reinforced to achieve structural stabil-
Thornton. While this spreading greatly attenuatedity and adequate height.
the peak flows into the northeast Delta, there was in-
adequate capacity in the north and south forks of theDelta levees fall into two main categories: project le-
Mokelumne River to Carry the remaining flows, vees and nonproject levees (see Figure 1-2). Project
McCormack-Williamson Tract and Glanville Tract levees are part of the Federal Flood Control Project,
were inundated. Levees on Deadhorse Island andand primarily line the Sacramento River, adjacent
Tyler Island failed after they were overtopped. The sloughs, and the San Joaquin River in the southeast
levee protecting New Hope Tract near Thornton portion of the-Delta. These levees, which constitute
failed due to structural weakness. Inundation of theseabout 35 percent of the total, provide higher levels of
larger islands and tracts lowered the floodwaters andflood protection. Nonproject levees constitute the re-
probably saved other islands from flooding (see Fig-maining 65 percent and are maintained by island land-
ure 2-3 ). owners or local levee and reclamation districts to va-

rying and generally less stringent standards than
The 1986 flooding forced evacuation of 1,600 peopleproject levees. Nonproject levees generally have less
from small towns and various homes and businessesfreeboard and therefore less protection against over-
in the area, caused $20 million worth of direct dam-topping and are generally less stable. Levees along
age, and flooded Interstate 5 and numerous localthe Mokelumne River system and tributary sloughs
roads. Had the U.S. Army Corps of Engineers (with are nonproject levees. Many of these require exten=
State and local assistance) not raised a temporary le-sive rehabilitation to alleviate flooding.
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Figure 2-2. Morrison Creek and Tributaries

Reduce Reverse Flow it mixes with saltier ocean water entering as tidal in-
flow. This water is drawn upstream (reverse flow)

The expression "reverse flows" is used to characterizeinto the San Joaquin River and other channels by the
a Delta problem that stems from the lack of capacity pumping plants. Reverse flow disorients migratory
in certain channels. Water supplies for export by the striped bass, salmon, and steelhead. Reverse flow fur-
CVP and SWP are obtained from surplus Delta flows, ther increases the impacts on fish by pulling eggs,
when available, and from upstream reservoir re- small fish, and fish food organisms from the western
leases, when Delta inflow is low and surplus flows areDelta nursery area into the pumping plants. The mas-
unavailable. Most of these surplus flows and releasessire amount of water driven in and out of the Delta by
enter the Delta via the Sacramento River and thentidal action dwarfs the actual fresh-water outflow and
flow by various routes to the pumps in the southernreverse flow and considerably complicates the re-
Delta. Some of these flows are drawn to the SWP and verse-flow issue.
CVP pumps through interior Delta channels, facili-
tated by the CVP’s Delta Cross Channel. Unfortu- Reverse flow could be moderated or eliminated by in-
nately, because the channels aren’t large enough, in-creasing the transfer efficiency of the northern Delta
sufficient amounts of water pass through thechannels. Also, water supply for the SWP would be
northern Delta channels, considerably increased. Currently, during the opera-

tional periods that cause reverse flow, more water
The remaining water flows down the Sacramento than is needed for export must be released from proj-
River to its confluence with the San Joaquin River in ect reservoirs to repel intruding sea water and to
the western Delta. When fresh-water outflow is low, maintain required water quality in western Delta
water in the western Delta becomes brackish because channels and meet export quality standards. The
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Improve Water Quality

......._ Reduction or elimination of reverse flows will im-
.... -~ prove the quality of water in the Delta. Water quality

~ ~.~ ~ ¯ in the Delta is presently being protected by many
"         ~ ~ ........ standards established by the SWRCB and by the
~ ~ .~_ ~ Coordinated Operation Agreement between Recla-

L . ..~ .:~ ~ .~2. ; ~ ~-¢ mation and DWR. In addition,various contracts with

-~2~ .,~ ,’
~¢ ..... Delta users also include levels of water quality pro-

"=~"~r ~ tection. The standards are periodically reviewed by
the SWRCB to protect beneficial uses of the water
supplies. However, water quality conditions can be
further improved by reducing reverse flow.

.~ .... ~2~ A graph of the Sacramento River salinity gradient,
° ~ ........ ~ Figure 2-7 illustrates the undesirable nature of the

~ ...... ~ reverse flow path. The Delta Cross Channel, Geor-
..... ~_~., ...... - .-~ ;o~..~-- ~ z giana Slough, and Threemile Slough leave the Sacra-

....... ~o. ........... mento River in the good quality portion of the gradi-
/... ~. ~ . -=_~ ;°~ . ~%~.~:~:~, ~_-~ ent and can provide a desirable source of water

~ .:..,.~ ~, :; ~ ~ ? .~. .~:~ .....: ........~/ ..... ,: supplies. The re’terse flow path continues into the

~-".~:, ~ ::-. ,,~ .~ :: " ~ _~"~..~
portion of the salinity gradient near the western end

!-:~ of sherman Island, about 50 miles from the Golden
Gate. In this area, the water is blended with waterFigure 2-3. Islands Flooded, February 1986 having chloride levels of more than 1,000 parts per
million.

amount of extra outflow required is substantial (Fig- Delta water also contains precursors of
ure 2-5). trihalomethanes (THMFPs), suspected carcinogens

produced when chlorine used for disinfection reacts

A primary objective of the NDP is to reduce reverse with natural substances during the water treatment

flows and the resultant adverse impacts. This could beprocess. Dissolved organic compounds that originate

achieved by improving the conveyance capacity offrom decayed vegetation act as precursors by provid-

north Delta channels. A larger portion of the water ing a source of carbon in trihalomethane formation

drawn by the CVP and the SWP would be drawn reactions. During periods of reverse flow, bromides

along the desirable path through the north and southfrom the ocean intermix with Delta water at the west-

forks of the Mokelumne and then through the San ern edge of Sherman Island. When bromides are

Joaquin River system (see Figure 2-6). present in water along with organic THM precursors,
trihalomethanes are formed that contain bromine as
well as chlorine.

With a reduction in reverse flow, upstream fresh wa-
ter storage could be used more efficiently to repel salt Drinking water supplies taken from the Delta are
water to meet Delta protective standards and export treated to meet current THM standards; however,
water quality needs. DWR estimates that the SWP more restrictive standards are being considered. If
could gain from 200 to 400 TAF/YR in dependable adopted, tighter standards will increase the cost and
supply from the added efficiency of the NDP. difficulty of treating present Delta water sources. By
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Figure 2-4. February 1986 Flooding - Looking Northward

reducing reverse flow, export water would follow a Additional improvements can be provided by reduc-
more direct path, avoiding ocean bromides and re-tion of reverse flows, which create an undesirable en-
ducing THM problems, vironment for migrating fish, young striped bass, and

fish food organisms. Reverse flows increase direct im-
The degree to which water quality could be improved pacts on fish at the Skinner Fish’Facility, primarilybe-
by the NDP depends on the course of action selected,cause striped bass larvae and juveniles are in high
Project alternatives and phases being considered areconcentrations where reverse flow exists in the Sacra-
described in Chapter 3. mento River and west Delta: During reverse flow

conditions, ~higher concentrations of fish are carried

Reduce Fishery Impacts to State and federal export facilities. Also, young
striped bass that have been spawnedin the lower San
Joaquin River between Antioch and Venice Island

Existing measures taken to improve and protect the(within the area of reverse flow) are drawn to the
Delta fishery include the following: pumping plants.

¯ Delta Pumping Plant agreement; As previously noted, reverse flows and the corre-
sponding fishery impacts could be moderated or elim-

¯ Protection standards for flow, quality, export and inated by increasing .the transfer efficiency of north
operation of the Delta Cross Channel; Delta channels.

Fishery conditions could also be improved by con-
¯ Protective laws for fish and wildlife; and structing setback levees. A new setback levee would

¯ provide more shoreline, and the existing levee would
¯ Funding for environmental research and moni-be breached in some areas tO create berms for addi-

toring, tional riparian habitat. This could include temporary
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EXISTING NORTH DELTA CHANNELS NORTH DELTA CHANNEL IMPROVEMENTS

Figure 2-5. Flow Distribution, With and Without Reverse Flow

closure of the Delta cross channel gates to accommo-Mokelumne River and the south fork of the
date periods of high fish density. Mokelumne River. Deepening and widening these

channels, as well as removing some snags, will irn-
Improve Project Efficiency and prove access and safety. Barge access to the levees
Water Supply Reliability will facilitate more cost effective levee maintenance

operations.
In addition to the need for improved water transport Enhance Recreational Opportunities
conditions in the north Delta, north Delta hydraulic
improvements will be needed to meet future localVarious components of the NDP would enhance tee-
and statewide water demands. The State’s yearly netre~itional opportunities in the north Delta. Proposed
water needs by 2010 are projected to reach 35.6 rail-channel improvements could lead to additionalrecre-
lion acre-feet (MAF), Improved north Delta hydrau- ational development. Dredging would make accessi-
lics, an enlarged forebay, and a permit for SWP toble some scenic stretches of channel. Levee setbacks
pump 10,300 cubic feet per second (cfs) would add op-would create berm islands and additional shoreline
erational efficiency, water supply reliability, and op- for riparian habitat and recreation.
erational flexibility to both the SWP and the CVP.

Details of potential.recreational development can be
Improve Navigation found in the Recreation Facilities Plan for,North &

South Delta (Ebasco, March 1988). The study pres-
Narrow, shallow channels restrict navigation in a ents conceptual- level cost estimates for several sug-
number of north Delta channels, particularly thegested recreation areas that canbe developed in con-
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Water Supply and Water Needs Update

Population Increases

In 1985, the Department of Finance (DOF) projected 36.3 million people in
California by 2010. Interim DOF projections in early 1990 increased the 2010
-projections to 39.4 million. This number will be further revised when the re-
suits of the 1990 census are available. With the present population at 30 mil-
lion, this latest projection means California will be adding an average of near-
ly 500,000 people per year for the next 20 years. Increases during the past
three years have considerably exceeded that rate.

Using the same assumptions as in Bulletin 160-87, i.e., implementation of ex-
tensive urban water conservation measures-, and transfer of agricultural wa-
ter supply to urban uses where encroachment onto agricultural lands is proj-
ected, a 1-million increase in population in the State Water Project service
area would increase net water useby at/east 120,000 acre-feet per year.
With the 2010 population in the SWP service area projected to be 2.3 million
people greater than shown in Bulletin 160-87, we expect water needs to be
275,000 acre-feet greater than previously projected.

Supply Reductions

In Bulletin 160-87, no reduction in supply for Los Angeles from the Mono
Lake-Owens Valley system was assumed due to uncertainty of the situation
at that time. As a result of recent court decisions and agreements, the aver-
age annual supply available to the South Coast region may be reduced by
about 100,000 acre,feet per year.

Ground Water Contamination

No reduction in the 1985 level of ground water usage in the South Coast re-
gion due to contamination was assumed in Bulletin 160-87. Since 1987, sev-
eral wells have been taken out of production in the San Fernando Valley, and
widespread contamination from sewage and cow manure from dairy herds in
the Santa Ana River watershed threatens the water supply for 1.5 million peo-
ple. Even though programs for clean-up of the contaminated water are
planned or are under way, a reduction in the usable annual supply averaging
at least 50,000 acre-feet by 2010 appears to be a reasonable assumption.
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junction with the NDP. The recreational develop- nel would be created between the new and old levee.
ment plans are consistent with provisions of theThe old levee and existing channel would remain.
Davis-Dolwig Act, which requires consideration of Setback levees would Probably alternate from one
recreational facilities as part of any new SWP facility, side of the channel to the other depending on existing

vegetation, soil conditions, distance to borrow sites
Enhance Wildlife Habitat and location of structures such as homes, Silos, and

marinas.
Setback levees and wide berms offer an excellent op-
portunity to develop habitat for wildlife. The land Levee Improvements
would be publicly owned and available for non-inten-
sive recreatiom Setback levees are the primary toolLevee improvements consist of modifications in exist,
for avoidance mitigation and for providing areas for ing levees to improve their structural integrity and/or
replacing or enhancing fish and wildlife values, increase their ability to handle flood flows. Improve~

ments can consist of one or more of the following:
The necessity for levee maintenance and inspection
has eliminated much of the vegetation from the le-¯ Armoring, usually with rock, the Water side of the
vees in the DeIta. Shallow marsh, riparian forest, and levee;
shaded riverine aquatic cover have been greatly re-
duced. The NDP can avoid impacts to these habitats¯ Increasing the height of the levee;
and at the same time create additional habitat by set-
back levee construction. Desirable attributes includē Improving the structural stability of the Ievee by
extensive shallow, low’velocity areas that have abun- adding embankment material to the land side of
dant vegetative cover in and over the water. The cre- the levee;
ation of uniformly deep, open water habitats or exten-
sive high-velocity aquatic areas is not desirable.̄ Placing geotextile fabrics;
Whether such berms should be planted with trees and
shrubs or allowed to revegetate naturally would bē Pla~ing slurry wails; and
determined on a site-by-site basis.

¯ Replacing brush and trees with herbaceouS cov-
The purchase of additional land adjacent to or near

er.
the project area for mitigation can also add to the
overall enhancement of the area for fish and wildlife.     Delta Cross Channel Gate Improvements

Project Components
The Delta Cross Channel, completed in 1951, has two

Project components being considered to meet the ob-60,foot gates at the Sacramento River to augment.

jectives of the NDP are discussed below. Specific de- the natural transfer of water southerly from the Sac-

scriptions of project alternatives are exPlained in de-ramento River near Walnut Grove into the channels

tail in Chapter 3. of the Sacramento-San Joaquin Delta (Figure 2-8).
Floodwaters in the Sacramento River overtopped the

Dredging closed gates during the storms in 1986, adding slightly
to the flooding in the Mokelumne.River system. Rais-

Dredging the existing channels is the most economi-ing or modifying the Cross Channel gates would pre-
cal and direct way of increasing hydraulic capacity, vent flood waters from the Sacramento River from
Enlarging the cross sectional area would provide sig-reaching the Mokelumne River system:
nfficant flood control benefits.

Adding more gates to the existing Cross Channel gate
Setback Levees structure can significantly increase diversions into the

central Delta. Engineering studies indtcate that addi-
Setback levees are new levees on one side of thetional gates greatly enhance the effectiveness of
channel, running parallel to the old levee but set backchannel enlargement in the M0kelumne River chan-
on the land side an appropriate distance. A new chan-nels (Appendix H, Figure H-9).
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Reverse Flow West End
of Sherman. Island

(Poor Quality Path)

~ ® A At the City of Sacramento, 110
~_ miles from the Golden Gate,

~10oo -~
chloride concentrations (a
measure of ocean salinity) are

~ low, and they remain so past
~ o° "~ the Delta Cross-Channel and

~ South Fork Mokelumne River.
Water from these sources is
low in ocean salts. Down-
stream of Emmaton, chloride

40 50 60 70 80 90 100 110 120. levels begin increasing at a
MILES FROM GOLDEN GATE ALONG SACRAMENTO RIVER faster rate.

Figure 2-7. Salinity Gradient Showing Increasing Chlorides with Reverse Flow Conditions

Partial Tide Gate Structures

A possible second phase of the NDP would include The Tidal Cycle

partial tide gate structures, strategically located in The river systems of the Sacramento-San doaquin
the Sacramento River and adjoining sloughs. They Delta are open to the Pacific Ocean via the Golden
would raise water levels slightly during low-flow con- Gate and are Influenced by tides--two high tides
ditions so that more water would flow south through and two low tides each day.

the channels upstream from the structures. This Each high-water stage raises water elevations and
would diminish the amount of water following the un- produces a flood tide that flows landward through
desirable reverse flow path around Sherman Island in Delta channels. As the tidal cycle continues, it re-
the west Delta. These structures would be open dur- verses to a low water stage and produces an ebb
ing flood conditions and would be designed not to in- tide that flows to the ocean and lowers water levels.
terfere with floodflows. The structures may have per-
manent openings in the center to minimize impacts This regular cycle of changing flow directions and
on navigation and fish, and they would be operated to water elevations can be used to create desired hy-

comply with SWRCB protective standards. Gates draulic conditions by use of tlde gates. These struc-
tures can be designed and operated to open and

would be opened to let the incoming tide pass and close on different phases of the tide, using natural
would be closed to restrict the ebb, or declining tide. forces to improve water levels and circulation.

Connecting Channels
a 100-year flood. A new connecting channel would al-

A possible later phase would be connecting channelslow more water to be conserved in reservoirs to in-
to further improve efficiency of water transfer crease water supply reliability. The necessity of cori-
through the Delta. The new channels would be dugnecting channels would be determined after earlier
and levees built to protect the surrounding land fromphases are constructed and operated.
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Figure 2-8. Delta Cross Channel

33

C--0711 69
(3-071101.069



Chapter 3. DESCRIPTION AND COMPARISON OF ALTERNATIVES

The narrowing of alternatives for the North Delta Water for Flood Control for the Towns of Thornton and Walnut
Management Program (NDP) used a broad range of in.for- Grove, February 1989, in response to the Delta Flood Pro-
marion that is important to water resources planning. Thetection Act of 1988. In addition, the Corps, Sacramento
selection process considered previous studies, activitiesCounty, and consultants have prepared numerous reports
implemented during droughts, legislative activities, state-on various aspects of the flooding problems in the north
wide referendums, comprehensive water conservationDelta study area. These reports provide planning and en-
and reclamation activities. Previous studies evaluated al-gineering information used to define NDP objectives and
ternatives on the basis of such factors as flood controlalternatives.
needs, economics, energy, water supply, fisheries, wild-
life, recreation, water quality, technological, legal, and in-

The final decision on implementation of a NDP will in-

stitutional constraints, and political issues. A summary ofvolve implementation of an Article VIIfish and wildlife

previous studies and the narrowing of alternatives is pro-agreement, which will define how the NDP contributes to

vided in Appendix M. Appendix M also contains detailed mitigation for the Delta estuary and other specific mitiga-
tion requirements. The Article VII agreement will alsocriteria and assumptions on which the alternatives were
specify the roles of the Department of Fish and Gamecompared. (DFG) and Reclamation, as discussed in Chapter 5. The

In general, previous studies showed that an isolated facil-impact analysis of the NDP alternatives was designed to

ity would provide favorable reliability, fishery protection,consider the contribution of each facility and the impact of
combinations of facilities.and improved water quality when compared to other al-

ternatives such as a physicalbarrier or a through-Delta fa- North Delta Water Management
cility. Recent updates of previous studies showed this Program Alternativessame trend. However, the June 1982 voter rejection by
State referendum indicated that an isolated facility wasTwo categories of alternatives were evaluated:
unacceptable to the public.

North Delta Wat.er Management Program (NDP) al-
The previous studies also showed that a through-Delta ternatives, and
system compatible with the objectives of the NDP would ¯ water supply augmentation and demand-reduction
provide significant advantages over ekisting conditions, alternatives in project service areas.
Extensive programs since 1975 tO implement water con-Ten NDP alternatives and a no-action alternative wereservation and reclamation will reduce projected growth in

evaluated on the basis of overall operation of the Statestatewide demands by about 1.3 MAF by 2010. However, Water Project (SWP) and Central Valley Project (CVP), in
DWR Bulletin 160-87, California Water: Looking to the compliance with operational considerations discussed lat-
Future, November 1987, as well as this EIR, shows that wa- er in this chapter. Also, 11 water supply and demand-re-
ter development would still be required to meet futureduction alternatives were incorporated into the economicstatewide needs and alleviate current Delta problems,analysis discussed later in this chapter. Environmentalim-
Recent population increases and water supply reductionspacts are discussed in detail in Chapter 5 on the basis ofhave exacerbated the growing water supply shortage (seecomprehensive water supply, power, Delta water quality,
sidebar, page 30). and Delta hydrodynamic studies, assuming 3.8 MAF level

of SWP demand. Potential cumulative impacts of relatedIn addition, severe flooding occurred in 19.86 in the northwater resources projects are discussed in Chapter 6.Delta study area. The need to protect against this type of
flooding has been carefully considered in the alternativeThe impact of north Delta facilities improvements on the
selection process. DWR recently prepared Plan O fAction SWP, the CVP, water quality, Delta outflow, Delta fish-
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eries,and other uses depends to some extent upon other3A. Dredge the South Fork and North Fork Mokelumne.
Delta improvements, particularly south Delta improve- River
merits which may be implemented as a result of the South3B. Dredge the South Fork and North Fork Mokelumne
Delta Water Management Program (SDWMP). The envi- River and Enlarge the Delta Cross Channel gates
ronmental impact analysis and alternative selection pro-
cess for that program is proceeding concurrently with this 4A. Enlarge the South Fork Mokelumne River and

NDP. Accordingly, where cumulative or interactive im- Dredge the North Fork Mokelumne River

pacts of the proposed north and south Delta improve-4B. Enlarge the South Fork Mokelumne River and
ments are critical, proposed north Delta alternative ira- Dredge the North Fork Mokelumne River and En-
pacts were analyzed both with and without south Delta large the Delta Cross Channel gates
facilities in place. 5A. Enlarge the North Fork and main stem Mokelumne

The no-action alternative represents SWP operations ac- River and Dredge the South Fork Mokelumne River

cording to existing Corps constraints and without ira-5B. Enlarge the North Fork and main stem Mokelumne
provements to conveyance capacity in north Delta chart- River and Dredge the South Fork Mokelumne River
nels for water supply or flood’control, and Enlarge the Delta Cross Channel gates

The preferred alternative is to: 6A. Create an island floodway

6B. Create an Island Floodway and Enlarge the Delta
1) Enlarge the main stem and North Fork Mokelumne Cross Channel gates

River with setback levees, Figures 3-1 and 3-2 show all eleven NDP alternatives.
2) Dredge the South Fork Mokelumne River

3) Enlarge the Delta Cross Channel gates Methods of Analysis

4) Acquire the necessary state and federal permits, andThe alternatives were analyzed to determine their im-

5) Test mitigation fiver collector wells and fish screens, pacts upon:

Flood flows, stages, and velocities,Each NDP alternative evaluated is a combination of vari-
ous project components. The components include enlarg-̄ Normal and dry period flows, stages, and velocities;
ing the Delta Cross Channel gates, dredging river chart-̄ Water quality, particularly with respect to salinity dis-
nels, constructing setback levees, and constructing island tribution and THM formation potential;
floodways. Each of the alternatives analyzed would, to va-̄ Fisheries, as a result of changes in water quality, ~re-
tying degrees, meet the obje.ctives of the NDP. The alter- distribution of flows, changes in operation of the Del-natives were formulated to guarantee evaluation of all the
different project components and to show the widest ta Cross Channel, and operation of mitigation river

range of impacts. This is to ensure that, ff a decision is collector wells;

made for a combination of facilities not discussed in this̄ Delta outflow, Suisun Marsh, and the San Francisco
chapter, the impacts will be lower and the benefits greater Bay estuary; ~
than those described in Chapter 5. ¯ SWP operations, including yield, energy require-

ments, and costs;
The following NDP alternatives were evaluated:

¯ Wildlife habitat; and
1. No Action ¯ Recreational opportunities and navigation.
2A. Dredge the South Fork Mokelumne River

In addition, material quantities and construction costs
2B. Dredge the South Fork Mokelumne River and En-were computed for each alternative to determine con-

large the Delta Cross Channel gates strnction impacts and relative cost effectiveness.

36

C--0711 71
C-071101.071



Clarksburg                         Legend
N                                                                     .,,,,o,, DREDGING

i ~ LEVEE
’SETBACK

IMPROVEMENT

._-

C~urtland

PIERSON

DISTRICT

HASTINGS

TRACT                                         DELTA

CROSS
CHANNEL

Walnut Grove -6,0OO$f ~;
Ryde NEW HOPE

TRACT
I.~L ANC,

GRAND ThorntQn
ISLAND

Beaver SI,

CANAL RANCH

TRACT

Rio Vista BRANNAN Isleton~ BRACK TRACT

ISLAND ~

20,O00~f, TERMINOUS

TWITCHELL

ISLAND BOULDtN Terminous

ISLAND KE
TRACT TRACT

WEBB

TRACT
VENIC~

EMPIRE
KING

ISLAND                                                          TRACT
ISLAND

FRANKS

TRACT

Figure 3-1. Preferred Alternative (5B)

3?

C--0711 72
C-071101.072



~.~ ~i!~ L

NO ACTION ALTERNATIVE 2A

ALTERNATIVE 2B ALTERNATIVE 3A

Figure 3-2, Sheet 1. Other Alternatives
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ALTERNATIVE 6A ALTERNATIVE 6B

Figure 3-2, Sheet 3. Other Alternatives                             ~

Impacts upon flood flows, stages, and velocities were aria-of poorly defined channels and overflow areas. To esti-
lyzed using a Dynamic Wave Operational Model (DWOP- mate the timing and magnitude of flows at the study area
~.R) with a network option. This model, developed by Dr. boundary, a combination of flow measurement, flood
D. Fread of the National Weather Service Office of Hy- routing, and local rainfall runoff analysis is required.
drology, was selected because it is capable of simulatingFlood routing and local rainfall-runoff analysis was done
the extremely complex flood hydrology of the north Delta using the HEC-1 model (Appendix C). The February
study area. It effectively models flood wave transients, 1986 flood was used for model verification, and the syn-
channel flows, water storage in overflow areas, levee fail- thetic 100-year flood was used in the alternative analysis
ures and island flooding, tidal effects, impacts of hydraulicprocess. Summary statistics are shown in Table 3-1.
structures such as the existing and proposed Lambert
Road structure, and the distribution of flood flows

A wide range of alternatives was analyzed for impacts onthrough a complex network of channels. About 118 cross
sections were compiled from a number of sources to de-Delta flows, velocities and stages during normal and low

scribe the channel geometry of the study area. Eye witnessflow periods using the DWR/RMA hydrodynamic model.

accounts from the 1986 flood, field evaluations, photo-About 40 alternatives were screened and analyzed. The

graphs, and previous studies were analyzed and used to re-screening process covered a range of typical, spring and

fine the model parameters, summer hydraulic conditions, with a range of SWP export
levels and Sacramento River flows (Appendix C). The

The inflows to the north Delta can not be measured di-mod~l runs were used to evaluate the relative impacts of
rectly, because as they approach the area they spread outdredging, levee setbacks, and Delta Cross Channel en-
over the land, moving overland and in a complex networklargement on reverse flow, to optimize the proposed Del-
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Table 3-1. Flood Statistics Summary
Stream February 1986 100-Year

Peak flow (cfs)    ,, 7-Da)’ Vol. (ac ft) Peak Flow (cfs)    7-Da)’ Volume (ac ft)
Morrison Creek
Stream Group                13,768 17 9,023 11

Cosumnes River 51,653 314,509 70,606 323,691

Mokelumne River &
Dry Creek 32,545 178,604 28,222 208,678

ta Cross channel enlargement, and to select preferredsalinities. The DWRDSM was used to determine channel
channel segments for enlargement, flows and salinities in key Delta channels for wet, above

normal, below normal, dry, and critical years. This infor-
These runs were also used to estimate the impact of chan-marion was used to evaluate fisheries impacts and bene-
nel enlargement upon the Transfer Coefficient, which de-fits.
fines the proportion of Sacramento River flow entering
Georgiana Slough and the Delta Cross Channel: During the alternative analysis process certain alterna-

tives were dropped from further consideration and re-
Transfer Coeff. = Georgiana Slough + Delta Cross Channel O maining alternatives were refined. In general it was found

Sacramento River Q that reverse flow in the west Delta, as well as other chan-
nel flows in the study area varied predictably with north

It was assumed the Delta outflow-salinity relationshipsDelta channel conveyance capacity. It was thus possible to
described by the Export-Salinity equation (see Supple-estimate impacts of refined alternatives on specific chan-
mental Documentation to Appendix A of the DWR Memo- nel flows and salinities by interpolation from predictions
randum Report, ’Operations Criteria Applied in D~VR Plan- based upon the original alternative set.
ning Simulation Model,’ February 1986) were not changed, Much of the analysis of NDP alternatives was based upon
except that the transfer coefficient associated with eachconsiderations and assumptions about the future condi-
alternative could be substituted for the transfer coeffi- tions in which the project would operate. These consider-
cient associated with the base case. With the new transferations and assumptions fall ig. to three major classes: Op-
coefficients, a set of carriage water curves was derived for erational considerations relate to future SWP demands,
each alternative selected for detailed environmental im-other SWP projects, legal and institutional controls, and
pact analysis factors affecting how the project is operated. Flood con-
Using.the alternative carriage water curves, the State Wa-trol considerations include the study area’s flood hydrolo-
ter Project simulation program, DWRSIM, was used to gy, channel characteristics, levees and flood control struc-
simulate operations with a range of north Delta alterna-tures, and legal and institutional constraints. Design
fives. These simulations provided monthly simulated dataconsiderations include assumptions about soils and foun-
for the 1922-1978 historic data period. Changes in car-dation characteristics, results of field investigations, and
riage water, net Delta outflow, and SWP pumping were legal and institutional constraints. These considerations
analyzed to determine relative impacts upon fisheries re-are discussed in more detail below.
sources in the Delta and the San Francisco Bay estuary. Operational Considerations
Changes in SWP pumping, wheeling of CVP water, and
SWP deliveries were analyzed to determine impacts onOperational considerations and assumptions include the
project yield, energy requirements, and economics,following:
Changes in reservoir storage elevations were analyzed tō It is assumed that WRCB Decision 1485 protective
determine reservoir recreational impacts, water quality, flow, and export standards, as well as

Output files generated by DWRSIM tabulate the major criteria for Delta Cross Channel operation, are in ef-

inflows and outflows to the Delta over the 57 year historic feet.

data period for each alternative analyzed. This data in̄ It is assumed that the Coordinated Operation Agree-
turn provided the boundary conditions for operation of ment defining the federal commitment to Delta pro-
the DWRDSM, which simulates channel hydraulics and tecfive standards, and a State/federal sharing formula
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for water releases, is in effect. The agreement calls cfs, attributable to Qamanche and upstream reser-
for renegotiation of the sharing formula for water re- voirs. It is estimated that without these reservoirs,
leases whenever either the CVP or SWP adds new fa- peak flow at the current location of Camanche Reser-
cilities (Article 6 and 14a)i and requires that the voir would have been about 44,000 cfs. The Corps is
agency which constructs new facilities realizes the ad- currently conducting a reconnaissance-le;cel study of
ditionalyieldattributable to them (Article 16). potential flood control reservoir sites on the

¯ It is assum+d that pumping and generation facilities Cosumnes and Mokelumne rivers. The study is

are operated to maximize the use of off-peak power scheduled for completion in December 1990.

and generation of on-Peak power to best utilize avail-¯ There is no flood bypass system for the flood flows in
able power resources and minimize costs, the north Delta study area, However, the area east of

Frdnklin Road where the Cosumnes River, Dry¯ It is assumed that the four additional pumps now un- Creek, and Mokelumne River channels converge has
der constructi~on at the H.O. Banks Pumping Plant historically served as a flood detention area. The
will be installed by the end of 1991. The Department north and south Stone Lakes area north of Lambert
agreed to operation of the pumping plant with the Road provides about 74,000 AF of storage when the
four additional units under the operational limits es- elevation at Lambert Road reaches 14 feet. Histori-
tablished by DWR and published in the Corps’ Public cally, water has spread out over these areas due to
Notice 5820A, Amended. This operation is discussed very limited channel capacity in the North and South
in the 1986 report, Additional Pumping Units-Harvey Forks of the Mokelumne River downstream.
O. Banks Delta Pumping Plant E.1R It is assumed that
SWP demand is 3.8 MAR This corresponds to deliv- ¯ Development upstream and channelization, particu-

eries of 3.7 MAF and 70 TAF of transmission and larly in the Morrison Creek watershed east of I-5, is

evapotranspiration losses and recreational alloca- intensifying inflows by causing reduced infiltration

tions, and more rapid runoff.
¯ Except for levees lining the Delta Cross Channel, le-

vees affected by runoff from Morrison Creek, the Co-

¯ It is assumed that the SWP will be operated to mini- sumnes River, Dry Creek, and the Mokelumne River

mize reverse flow and its negative impacts, watersheds are all non-project levees. They are
maintained by local reclamation districts to varying

A detailed tabulation of assumptions incorporated into and generally less stringent standards than project le’
SWP operational studies under the various north Delta vees.
alternatives is provided in Appendix C. ¯ Reclamation Districts in the north Delta study area,

Flood Control Considerations as well as the rest of the Delta, are working to meet
FEMA Hazard Mitigation Plan levee standar.ds (Fig-

Operational considerations and assumptions include the ure 3-3). The deadline for compliance with FEMA

following: HMP standards is September 1991. Reclamation Dis-
tricts not in compliance with these standards may no

¯ As described in detail in Chapter 2, the north Delta longer be eligible for federal disaster assistance in fu-
study area receives drainage from about 2,000 square ture floods.
miles of watershed, including the Morrison Stream¯ Lambert Road, which runs east-west about 9 miles
Group (180 sq. mi.), the Cosumnes River (870 sq. south of Freeport, caps a levee which generally pre-
mi.), Dry Creek (330 sq. mi.), and the Mokelumne vents floodwaters from the Cosumnes River, Dry
River (670 sq. mi.). Creek, and the Mokelumne River from flowing north

¯ There are no significant flood control reservoirs on into the Stone Lakes basin. The road generally lies at
the Morrison Creek, Cosumnes River, or Dry Creek l~z~rd
watersheds. The Mokelumne River has 11 reservoirs
with capacities exceeding t,000 AF. Camanche Res-
ervoir is the most important, with a total storage ca-
pacity of 431,000 AF and a maximum flood control
reservation of 200,000 AF. During the 1986 flood, re-
leases from Camanche were limited to about 5,000 Figure 3-3. HMP Levee Standards
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or above 18 feet above mean sea level, above the cur- would be encountered in the foundation. Levee con-
rently established National Flood Insurance Program struction on such foundations would require mild le-
100 year flood elevation of 15 ~feet. Lambert Road vee slopes and construction in stages to prevent foun-
crosses SnodgrassSloughabout 1.7 mtles west of I-5, dation failure and to facilitate gradual and more
on an old, structurally deficient bridge (now closed, uniform settlement. Construction fabrics would be
due to safety concerns). Seven culverts, four feet in used underneath the levee embankment fill to main-
diameter and fitted with flap gates, and ten four foot rain the integrity of the levee and to reduce the possi-
by ten foot wooden flapgates allow the Stone Lakes bility of differential settlement.
Basin to drain into Sn0dgrass Slough, while prevent-̄ It was assumed that water side levee slopes would be
ing bacldlow from the south. The bridge deck, and the protected with riprap from the levee crown to theapproach road on either end of the bridge, are at an base of the levee t.o guard against erosion during flood
elevation of about 11 feet above mean sea level, flows.
Leakage through the deteriorating flap gates and
overflow over this low lying portion of Lambert Road ¯ Levees to be replaced by setback levees would be left
allow flow from the south during major flood events, in place as channel islands to provide channel separa-
During the February 1986 flood about 13,000 AF of tion, high quality riparian habitat, and destination
water flowed north over Lambert Road, contributing points for recreational activities. It was assumed that
to a peak flood elevation of about 14.1 feet at the these levees would also require fiprap to prevent ex-
Lambert Road bridge, cessive erosion from flood flows and wave action.

¯ Similarly, for the island floodway options, it was as-
Design Considerations sumed that existing island levees would have to be

, riprapped on the interior slopes.
In the alternative formulation process some basic assump-
tions were made regarding design considerations: Comparison Of Physical

and Operational Features¯ It was assumed that channel dredging would be lim-
ited to a depth of 20 feet below sea level in most areasThe various alternatives involve channel improvements
for several reasons: First, channel sediment can helpby either dredging and/or constructing parallel channels
support levee embankments and excessive excavationto increase flow capacities. For the case of alternatives
could impact levee stability. Second, a variety of exist- where the South Fork Mokelumne River to the San Joa-
ing dredging equipment can readily reach the 20 footquin River is to be modified, work could be done via Little
depth. Third, with excessive excavation there is an in- Potato and Little Connection Sloughs or via the South
creased risk of exposing layers of high hydraulic con-Fork Mokelumne River past the confluence of the north
ductivity, with potential seepage impacts on adjacentand south forks. Modeling has shown that encou~ag~g
lands. During the final project design phase dredgingflow through the central Delta has the largest reverse
depth can be reassessed based upon detailed geotech-flow reduction benefit. However, alternatives that en-
nical data and the selection of dredging technique, courage flow solely down the Mokelumne River channels

¯ It was also assumed that dredged material would becould be less di_sorienting to migratory fish species. Ira-
used to reinforce the existing levee embankments, toprovements to the Delta Cross Channel will be limited to
construct the proposed levee setbacks, or to constructincreasing the number of bays, allowing more water diver-
waterside berms. If clamshell dredges are used, mate-sions from the Sacramento River into the Mokelumne
rials can be placed on the landward levee slope andRiver system for eventual transfer to the central Delta.
toe, allowed to be drained, and then compacted. If

The Delta Cross Channel gates operate according to thehydraulic dredging is employed, significant land areas
schedule outlined in Decision 1485 to regulate flows tomust be set aside for sediment basins, and the convey-

ance water must be allowed to clarify and return to protect migratory fish and maintain water quality in the
Delta. For the purpose of this study, the gate operationthe channel. Dewatering would take an extended pe-

riod of time. remained the same for all of the alternatives. The alterna-
tives are described in the following paragraphs. A sum-

¯ For setback levee construction~ it was assumed thatmary of physical features, quantities, and costs is shown in
poor, compressible organic peat and clay materialsTable 3~2.

43

C--0711 78
C-071101.078



Table 3-2 Summary of Estimated Major Material Quantities Needed
for Construction of North Delta Program Facilities

Item Unit Project Alternatives
2A 2B

Excavate ExistingChannel CY 3,527,000 3,527,000 6,548,000 6,548,000 15,569,000-15,569,000 10,831,000 iiiiiii~ii~i.i 2,937,000 2,937,000

Reinforce Existing Levee CY 219,000 219,0.00 295,0,00 295,000 1,280,00.0 1,280,000 80,6,000 iiiiiiiiiiiiiiiii~!~!ii ......

Excavate New Channel CY --- 786,000 --- 786,000 9,950,000 10,736,000 7,960,000 i.ii!iii.i:~i~i~i019~ii.~! --- 786,00.0
::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

Berm Embankment using ............ 2,980,000 2,980,00,0 1,81"L000 iiiiiiiiii~ii~i~ii;:~iii ......
Channel Excavation CY

Levee Embankment usingCY --- 123,000 --- 123,00.0 2,8O8,OOO 2,931,000 1,388,000
Channel Excavation
Levee Embankment using CY --- 17,000    --- 17,000 9,762,000 9,779,000 5,507,000 ~~~ 2,592,000 2,609,00,0
imported Borrow
Riprap                TON    126,000    189,000 243,00,0 306,000 1,654,000 1,717,0,00 1,423,000 ~:~::::::~::~86~:~:: 1,9~,000 2,007,000

Bedding (6" under riprap) TON 36,000    50,0,0,0 70,000    84,000 550,000 5~,000 463,000 ~::~ 550,0,00 5~,000

G otex,, SF
Concrete-Structural CY .... 16,000 --- 16,000 10,0,00 26,000 10,000 ~:~:~:~:~:~9~:~ 39,800    55,800

~o,~st~ LB --- ~,28~,0oo--- ~,288,ooo~,~,0o0 ~,6~0,0oo~,~,o,oo ~.~~.~: 8,~9,o00 ~,8~,o,0o
:~:~:::~:~:~:~:;:;:~:~:~:~:~:~-::~-~:~:~.:.;:~:::~~:

Structural Steel LB --- 720,000 .... 720,000 --- 720,000 --- ~;~ ~ ~:.~ ~ --- 720,000

:::::::::::::::::::::::::::::::::::::~::::.::~:~:
Structural ~cavation CY --- 123,000 --- 123,000 --- 123,000 --- ~;~}~::~ 17,000 140,0,00

Land Acquisition AC --- 15 --- 15 1,229 1,244 1,041 ~:~:~:~:~ 12,700 12,715
Alternative C~ts (in $1,000) $29,000 - ~9,000 ~3,0~ $83,~0 $~,0~ $398,~0 $2~,~ ~9~ $250,0~ $280,~
(NOT INCLUDING MITIGATION COSTS) ~:~:~:~:~:~:;:~:~:~:~:;:~:~:;:~;~:;:~:~:~?~:~?~:~:~

Preferred Alternative



Project Alternatives in the San Joaquin River and other channels in the central
Delta which would improve water quality and reduce fish-

All the project alternatives are described inthe followingcry impacts.

paragraphs and shown on Figures 3-1 and 3-2. 2B. Dredge South Fork Mokelumne River and Enlarge

1. No-Action Delta Cross Channel Gate Structure

Under this alternative, no action would be taken. Chan-This alternative includes the same channelimprovements
nels would not be modified by dredging or enlargements,as the previous alternative except that the Delta Cross
and the Delta Cross Channel and Cross Channel gatesChannel gate structure would be enlarged by adding three
would not be enlarged to divert more water. Therefore, more gates to the existing two gates. This would increase
during high flow conditions, flooding potential would re-the total flow area of the gate openings from 1,640 sf of
main high due to flow constraints and inadequate flow ca-the existing two gates to the desired 4,500 sf which would
pacity in the Mokelumne River system. As siltation con- allow increased diversion from the Sacramento River.
tinues, flooding potential can be expected to increase.The existing Delta Cross Channel is large enough and
During low flow conditions, limited diversion capacity of would not require enlargement to pass the increased flow
the Delta Cross Channel and flow constraints in thefrom the added gates. During high flow conditions, this in-
Mokelumne River system would force more water to flow creased gate size would not change the flood potential as
down the Sacramento River and around Sherman Islandcompared to dredging alone because the Delta Cross
producing the reverse flow effect in the western Delta. Channel gates are closed when either the Delta outflow

exceeds 12,000 cfs or when the Sacramento River flow at
2A. Dredge South Fork Mokelumne River the I street bridge in Sacramento is over 30,000 cfs. During

This involves dredging of the South Fork Mokelumnelow flow conditions, diversions from the Sacramento Riv-

River from New Hope Landing to the San J0aquin River er through the Delta Cross Channel would be significant-

for a distance of 19.4 miles plus a short segment of
ly higher than dredging alone due to the larger gate size.
This would transfer more water into the central Delta to

Snodgrass slough from the Delta Cross Channel to Newreduce reverse flow.
Hope Landing for a length of 1.9 miles totaling approxi-
mately 21.3 miles. The channelswould be increased in3A. Dredge South Fork and North Fork Mokelumne River
cross sectional areas by dredging to a bottom elevation of
20 feet below mean sea level. Dredging would be doneThis includes dredging of both the South Fork and the
generally following the existing side slopes but not to ex-North Fork Mokelumne Rivers from New Hope Landing
ceed 2:1, while maintaiiaing the existing riprap and theto the San Joaquin River plus dredging of the channels
vegetation as much as possible. As a result, the bottomfrom the Delta Cross Channel to New Hope Landing.
width of the improved channels would depend on theThe total lengths of these channels would be 31.7 miles of
width and side slopes of the existing channels. Channelswhich about 22.9 miles would be dredged. The remaining
would not be dredged where the existing channel sections8.8 miles have a channel capacity exceeding 8,000 sf and
are greater than 8,000 sf. For this reason, only about 12.5would not be dredged further. The maximum depth of
miles of the total of 21.3 miles Would be dredged for thisdredging would be limited to about 20 feet below mean
alternative, sea level as indicated earlier. The North Fork is not as

choked with sediment as the South Fork, so there is only a
Channel islands would not be disturbed in order to pre-’modest increase in channel capacity when it is dredged.
serve their integrity as wildlife habitat areas. This alterna-However, this dredging alternative provides the maxi-
tire would increase channelflow capacity during both highmum increase in channel capacity which can be achieved
and low flow periods. During high flow conditions, flooddredging only. During high flow conditions, there would
stages would be reduced as indicated by north Delta mud-be further reduction in flood stage over that of alternative
cling, thereby decreasing the potential for island flooding.2A, and during low flow conditions, the higher convey-
During low flow conditions, the increased downstreamance capacity of the dredged channels would allow more
flow capacity would allow more water to flow through the water to be diverted from the Sacramento River through
Delta Cross Channel to the central delta. The increasedthe Delta Cross Channel into the central Delta to help re-
flow through the north Delta would reduce reverse flow duce reverse flow in the lower San Joaquin River.
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3B. Dredge South Fork and North Fork Mokelumne The new parallel channels would improve navigation and
River and Enlarge Delta Cross Channel provide additional valuable habitat forDelta wildlife. The
Gate Structure increased water surface area provided by the newparallel

channels would also increase navigation and enhance rec~
This alternative is identical to Alternative 3A except that reational activities in the Delta. Provision has been made
the Delta Cross Channel gate structure would be en-for a 50 feet wide berm with crest elevation slightly above
larged from 1,640 sf to 4,500 sf of opening. The increasedthe normal water surface elevation on each side of the
gate size has no impact on flood stages;~ however, duringnew channels to support riparian vegetation and enhance
low flow conditions, the increased gate size combined withfisheries and wildlife habitat.
the enlarged channels would increase the proportion of
Sacramento River water diverted through the Delta CrossFor the new parallel channels and the setback levees, ap-
Channel and into the central Delta, resulting in a largerproximately 1,229 acres of land would have to be acquiredreverse flow reduction,

from McCormack Williamson Tract, Dead Horse, Staten,
and Bouldin islands of which 927 acres would be from4A. Enlarge South Fork Mokelumne River and Dredge
Staten island. A new two-lane bridge would be requiredNorth Fork Mokelumne River
on Thornton-Walnut Grove road to span the enlarged
channel. The total length of the setback levees and the

In this alternative, the Mokelumne River and the Southnew parallel channels is 22.8 miles. The setback levees
Fork Mokelumne River would be enlarged with a combi- would require about 13 million cubic yards of borrow ma-
nation of dredging the existing channel and excavating aterials of which !0 million cubic yards would be imported
new parallel channel from I- 5 to the San Joaquin Riverfrom outside the project area and the remaining 3 million
for a total length of 22.8 miles, whereas the North Forkcubic yards would be from dredging and channel excava-
Mokelumne River and other channels from the Delta tion. This alternative is far more expensive than previous
Cross channel to New Hope Landing would be dredgedalternatives due to the costs associated with the construc-
for a length of 12.3 miles, tion of the new channel with a berm on each side, a new

levee with riprap on ~water side slope, a new bridge, and

The deepest excavation for the old as well as the newland acquisition. Setback levee construction with ira-

channels would be about 20 feet below mean sea level,ported embankment material would be the most expert-

The combined cross section of the new and existing chan-sive item.

nel would be 6,000 sf from I-5 to New Hope Landing (3.4
miles), 8,000 sf from New Hope to Terminous (i0.6 miles), 4B. Enlarge South Fork Mokelumne River, Dredge North

14,000 sf from Ter_minous to the Confluence with the Fork Mokelumne River, and Enlarge Delta .Cross "

North Fork Mokelumne River (4.8 miles), and 20,000 sf Channel Gate Structure

from the North Fork-South Fork confluence to the San
Joaquin River (4.0 miles). This alternative is identical to alternative 4A except that

the Delta Cross Channel gate structure would be en-
larged with three additional gates increasing the net flow

Tile new parallel channel may alternate sides of the exist-area from 1,600 sf of the existing two gates to a total of
ing channel to bypass major structures and public utility4,500 sf of openings as described in connection with alter-
facilities; and to take advantage of variations in soil prop-native 2B. This would allow more water to be diverted
erties and existing levee characteristics. With the enlarge-from the Sacramento River into the central Delta than
merit of the South Fork Mokelumne River with setbackwould otherwise be possible only with enlargement of the
levees, flood stages in the North Delta would be reducedSouth Fork Mokelumne River and dredging the North
significantly, and the reduction would be considerablyFork Mokelumne River as in alternative 4A. The in-
greater than what could be achieved by dredging alone ascreased potential for Sacramento River diversion due to
for alternatives 2A, 2B, 3A, and 3B. During low flow con- gate enlargement would further enhance reduction in re-
ditions, the increased downstream channel size would al-verse flow through the central Delta. However, the en-
low greater diversions from the Sacramento Riverlargement of the Delta Cross Channel gate structure
through the Delta Cross Channel into the central Deltawould not change the flood stage reduction benefit identi-
than that would be possible by dredging the channels only.fled-in alternative 4A.
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5A. Enlarge North Fork Mokelumne River and Dredge ternative would be sign.ificantly less than that of alterna-
South Fork Mokelumne River tive 4A because the length of setback levees and the new

channels is considerably less than for alternative 4A.
This alternative would include enlargement of the
Mokelumne River and the North Fork Mokelumne River 5B. Enlarge North Fork Mokelumne River, Dredge South

from I-5 to the San Joaquin River, and dredging of the Fork Mokelumne River, and Enlarge Delta Cross

South Fork Mokelumne River and other channels from Channel Gate Structure (Preferred Alternative)

the Delta Cross Channel to New Hope Landing. The en-This alternative is identical to alternative 5A except that
largement would include dredging of the North Forkthe Delta Cross Channel gate structure would be en-
Mokelumne River and excavating parallel channels withlarged with three additional gates increasing the net flow
setback levees for a length of 12.5 miles. As in other alter- area from 1,600 sf of the existing two gates to a total of
natives, the depth of dredging of the existing channel and4,500 sf of openings as described in connection with alter-
excavation of new channel would be about 20 feet belownative 2B. This would allow more water to be diverted
mean sea level. The required combined cross section offrom the Sacramento River into the central Delta than
the new and existing channelwould be 6,000 sf from I-5 towould otherwise be possible only with enlargement of the
New Hope Landing (3.4 miles), 8,000 sf from New Hope North Fork Mokelumne River and dredging the South
Landing to the confluence with the South ForkFork Mokelumne River as in alternative 5A. Gate en-
Mokelumne River (9.1 miles), and 20,000 sf from Southlargement would further increase the flow beyond that
Fork-North Fork confluence to the San J0aquin Riverachievable by the channel enlargement associated with al-
(4.0 miles), ternative 5A. However, the enlargement of the Delta

Cross Channel gate structure wouId not change the flood
The total length of the setback levees and the new parallelstage reduction benefit identified in alternative 5A.
channels is 16.5 miles. The setback levees would require
approximately 7.0 million cubic yards of borrow materials6A. Create an Island Floodway
of which 5.5 million cubic yards would be imported from

Under this alternative, McCormack-Williamson Tract,outside the project area and the remaining 1.5 million cu-
bic yards would be borrowed from dredging and channelDead Horse Island, and Staten Island, as well as parts of

excavation. Bouldin Island and Brannan-Andrus Island, would be
converted to a floodway. The levees parallel to the pre-

A 50 feet wide berm would be provided On each Side of thevafling flood flows would be left in place and the interior
levee slopes would be rip-rapped to prevent erosion duenew channel with crest elevation slightly above the nor-

malwater surface level to support riparian vegetation andto wave wash and flow. The levees which lie transverse to

enhance fisheries and wildlife habitat, the flood flows would be removed. New levees would be
required on parts of Bouldin and Brannan-Andrus is-
lands.For the new parallel channel and the setback levee, ap-

proximately 1,041 acres of land would have to be acquiredThe interior of Staten island is about 15 feet below sea lev-
from McCormack Williamson Tract, Dead Horse, Staten, el at the southern end and about 5 feet below sea level at
and Bouldin islands of which 690 acres would be fromthe upper end. Thus the island would be entirely inun-
Staten island. A new two-lane bridge would be requireddated. The interior of Dead Horse Island is about 5 feet
on Thornton-Walnut Grove road to span the enlargedbelow sea level and would also be inundated. Except for
channel. Total length of the South Fork Mokelumne Riv-the southwest end, most of McCormack-Williamson
er and other channels from Delta Cross Channel to NewTract is at, or slightly above, sea level and thus would not
Hope Landing is 18.6 miles of which 13.8 miles would bebe inundated.
dredged, thebalance 4.8 miles are large enough to requireThis alternative would also result in a large reduction inno further dredging,

reverse flow, prima@ because the interior of Staten Is-
land would provide a large (although relatively shallow)The overall benefits and impacts accrued from this alter-

native in terms of reduction in flood stages, greater diver-addition in conveyance capacity during low flow periods.

sionsfrom the Sacramento River, improvement in naviga-This alternative would result in the loss of over 10,000
tion, recreation~ and wildlife habitat would be very similaracres of highly productive farmland with its associated
to alternative 4A as described above. The cost of this al-economic and wildlife habitat values. McCormack-Wil-
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liamson Tract could continue in. agricultural use or be6B. Create an Island Floodway and Enlarge the Delta
managed for wildlife habitat as mitigation for project ira- Cross Channel Gate Structure
pacts. It is anticipated that agricultural operations wouldThis alternative is similar to 6A, except that the Delta
be significantly less attractive, due to frequent inunda-Cross Channel gate structure would be enlarged to 4,500
tion, waterlogged soil, erosion damage, and deposition ofsf. This would result in an additional reduction in reverse
flood debris, flow, resulting in the greatest reverse flow reduction of

any alternative considered. Like 6A, it also provides the

Inundation of Dead Horse and Staten Island would resultgreatest flood stage reduction of all the configurations
evaluated. Impacts upon agricultural land, water temper-in low velocities during normal to low flow periods. It is
atures, water quality, and fisheries would be similar to A1-anticipated that water temperatures would be significant-
ternative 6A.ly increased as the water spreads out and moves slowly

across the island. The higher temperatures would ad-Mitigation River Test Wells
versely affect fishery resources, particularly salmon mi-
grating through the north Delta. River collector wells can provide a potential mitigation

measure for reducing the entrainment of migrating fish
during critical periods. These wells would consist of hori-

There may also be significant water quality impacts in thezontal collectors distributed directly under the Sacramen-
west Delta, because inundation of Staten Island wouldto River bed, and a collection system for conveying the
significantly increase the tidal prism of the Delta. Likely percolating water to the Mokelumne River system (Fig-
impacts would be a reduction in daily tidal fluctuations inure 3-4). Such a system may be relatively expensive to
the north Delta study area, and increased salinity in theconstruct and operate and would provide limited capacity.
west Delta. However, it provides an option for reducing the entrain-

Figure 3-4. Preliminary River Collector Well Design
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Figure 3-5. Possible Later Phases

ment of fish eggs, larvae, smolts, and adults in diversionswould take advantage of the daffy tidal cycles, opening and
from the Sacramento River. The wells can be tested on aclosing at the appropriate tide phase to encourage flow of
small scale to determine effectiveness and then scaled uphigh quality water to the interior of the Delta. The gates
if they are determined to be effective. Another option would be opened to pass floodwaters unhindered, and
would be to divert approximately 100 cfs from the Sacra- may have openings for boat and fish passage.
menlo River to study fish screen design alternatives Several structural alternatives for such partial tide gate

Alternatives for Later Phases structures have been evaluated with respect to impacts on
summer flow stages, flood stages, fish migration, recre-

In addition to these alternatives, other alternatives for re-ation, navigation, and aesthetics. Both friction loss and

ducing reverse flow have been considered and may be ira-form loss structures were considered, but friction loss

plemented after the Phase I of north Delta improve- structures were judged to be impractical for a number of

ments, discussed in this report, have been constructed andreasons, including size, safety, and cost. Eight form loss

evaluated. Phase II could include the installation of par-structures were evaluated, including conventional radial

tial tide gate barriers in the Sacramento River and Steam-gate structures, inflatable dams, removable dumped rock

boat Slough (Figure 3-5). Later phases could include anweirs, wicket gate structures, and others.

additional tide gate structure in Threemile Slough and theThe selection was narrowed to three structures: Convert-
construction of additional connecting channels to the Sac-tional radial gates, with and without a permanent opening
ramento River. The alternative components which couldfor boat and fish passage, a dumped rock weir, and wicket¯ be implemented in Phase II and later phases are summa-gates.
rized below:

The Corps has constructed and is operating a wicket gate
Tide Gate Structures structure on the Ohio River, and is in the process of de-

signing an improved, hydraulically operated structure.
The proposed tide gate structures in the Sacramento Riv-Design, construction, inspection and maintenance would
er and Steamboat Slough would raise water levels slightiybe more challenging than for a conventional gated struc-
during low flow conditions so that more water would be lure in which machinery and critical parts are accessible
forced through the Delta Cross Channel and Georgianaabove the water surface. However, a wicket gate structure
Slough into the Mokelumne River system, the desirablehas major advantages in that the gates are hinged on a sffl
path for water transfer. This would diminish the amountat the bottom of the river, and can be lowered to lie flat on
of water following the undesirable reverse flow path the bottom to leave the river completely unobstructed for
around Sherman Island in. the west Delta. The gatesflood flows, fish migration, barge and recreational traffic,
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and aesthetic concerns. The wicket gates could also be op-SWP facilities would have a deficit in dependable supplies
erated individually to block part of the river completelyin 2010 of some 1.3 MAF in addition to ground water over-
and leave an opening forboat and fish passage, or partiallydraft. This deficit prediction, however, has probably been
raise all gates to reduce the channel cross sectional areaunderestimated for the following reasons:
without breaking the water surface. For these reasons, thē PoPulation growth in the South Coastal Region has
wicket gate approach looks the most promising at the been much faster than was projected in Bulletin
present time (Figure 3-6). . 160-87. To date, the population is about 0.5 million

Detailed engineering and environmental analysis will be higher than was estimated for 1990.

deferred until evaluation of Phase I facilities indicates̄ 1990 Department of Finance interim projections
that additional measures to reduce reverse flow are re- show that the California population in 2010 will ex-
quired, ceed the projections made in DWR Bulletin 160-87

by 3 million.
New Connecting Channels for Through Delta
Flow

¯ Los Angeles Department of Water and Power
(LADWP) has been diverting up to 100 TAF per year

Anew connecting channel between the Sacramento River from the Mono Lake Basin. The average diversion
and the interior Delta could be constructed in the vicinity from 1970 through 1988 was 84 TAF per year. The re-
of Isleton or Hood. A new intake structure and channel in cent Superior Court ruling, which mandated drastic
the vicinity of Isleton could connect the Sacramento River cuts in th.e city’s diversions, could reduce LADWP
to Georgiana Slough. This channel would be relatively supplies by about 60 TAF per year.
short (4,000 feet), but foundation conditions in this areā Some ground water supplies have been lost due to
are very poor, due to deep layers of peat. chemical pollution of ground water basins.
A new intake structure and connecting channel from Major water management actions that could offset the
Hood to the Mokelumne River parallel to Snodgrasspredicted deficit consist of:
slough could greatly increase the flow of Sacramento Riv-~

¯ water supply additions consisting of the SDWMP,er water into the interior Delta. This channel would be
about 12 miles long, and would discharge into Lost NDP, LBG, and KWB;

Slough~ the Mokelumne River, and Beaver Slough. ¯ increased water conservation measures (beyond
those incorporated into the Bulletin 160-87 projec-Detailed engineering and environmental analysis will be tiions); anddeferred until evaluation of Phase I facilities indicates

that additional measures to reduce reverse flow are re2̄ other demand reduction measures.
quired. Water Conservation

Water Conservation And Following the statewide drought of 1976-77 and the sub-
Demand Reduction Alternatives sequent formation of the Office of Water Conservation

(OWC) in 1979, DWR began an aggressive water conser-
California will meet its future water needs primarily ration program to achieve efficient use of California’s
through a wide variety of management actions designed tolimited water resources by promoting water conservation
supplement, improve, and make better use of existing sys-policies and practices that have the greatest publicbenefit
terns. These include reduction of demand through waterand that are consistent with sound resource conservation
conservation, water reclamation, and desalinization, principles. DWR, through the OWC, has administered
For the SWP, the present dependable supply is about 2.3several plans and programs that encourage efficient use of
MAF. DWR Bulletin 160-87, California Water: Looking to water, and has focused on cost-effective urban and agri-
the Future, November 1987, projected water requirements cultural conservation programs carried out in cooperation
to be met by the SWP in year 2010 to be about 3.6 MAF,with local agencies throughout the State. Legislation has
assuming: 1) 250 TAF of water conserved in the Imperialalso been adopted to encourage and improve water con-
Valley becomes available to the South Coast Region; 2)servation in the State. The two most recent significant
waste water reuse increases of 200 TAF in SWP service pieces of legislation are 1) the Urban Water Management
areas; and 3) water conservation measures continuingPlanning Act of 1983 and 2) the Agricultural Water Man-
through 2010. Under these assumptions, the existingagement Planning Act of 1986. Both require the larger
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Figure 3-6. Preliminary Tide Gate Structure Design

water suppliers, under certain conditions, to prepare wa-service area.
ter management plans.

Other Demand Reduction Measures

More than 300 urban water suppliers have prepared waterThe demand reduction measures discussed here are ex-
management plans under the Urban Water Managementtraordinary conservation options; the water demand re-
Planning Act. These plans identify many current and fu-duction options go beyond the conservation measures
ture water conservation programs. California’s agricul-identified in DWR Bulletin 160-87. Shortage Manage-
rural sector has also been developing and implementingment Contingency Options (Table 3-4), and long-term
ways to reduce on-farm water use. This conservation el-~ options (Table 3-5) are discussed in detail under "South
fort has been broad-based, involving various public insti-Coast Region."
tutions, private industries, and farmers. DWR has pro-Demand reduction measures will help offset the 400 TAF
vided leadership, technical and financial assistance,shortfall that is expected to occur in dryyearsbyyear 2010,
publications, and supported legislation to promote water. assuming that water supply additions and water conserva-
conservation in the State. Table 3-3 summarizes currenttion measures are in place.
urban and agricultural water conservation programs in
place in California. DWR is committed to continue andWater conservation measures, in conjunction with exist-
expand water conservation measures in the future. Cur-ing and planned demand reduction measures, would help
rent estimates indicate that statewide conservation willreduce the water delivery shortfalls projected for year
save 1.3 million AF of water annually by year 2010. More 2010. However, these measures alone will not adequately
than half of this savings (700 TAF) would be in the SWP address the water management issues surrounding the
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Table 3-3. Urban and Agricultural Water Conservation Programs

Urban Water Conservation Programs

Landscape Water Conservation. This program promotes water-efficient landscapes by co-sponsoring conferences, assisting water
districts in promoting lawn-watering guides, providing information about water-conserving landscape guidelines, and offering
training in landscape water management techniques. (1976)
Water Management PlanningAssistance. Through this program, DWR has provided assistance to water agencies preparing water
management plans. Assistance includes information on how to develop water management program,s, how to schedule the pro-
gram implementation, and to write and adopt the plan itself. (1983)
Residential Retrofit Program. Technical assistance is provided on how to set up retrofit programs, and offers retrofit kits to commu-
nities facing a water emergency. (1977)
Low Interest Loan Program. This program assists local public agencies that can save water through capital improvements by pro-
viding low-interest loans for voluntary, cost-effective, capital outlay water conservation projects. Typical projects include lining or
piping irrigation ditches and replacing water mains. (1984-1988)
Water Audits and Leak Detection. Saving water lost to underground leaks is the aim of this program. It offers technical assistance to
water agencies for locating leaks and estimating losses from piped water distribution systems. Training and leak detection equip-
ment that can be borrowed at no cost is provided by DWR headquarters and four district offices. (1982)
Conservation Information. Through this program, DWR develops water conservation materials and disseminates this information
to various groups. It also assists water agencies, local government, and others in developing or expanding their water conservation
public information programs. A news letter, Water Conservation News, is published quarterly, providing current information on wa-
ter conservation programs to local, state, and national levels. (1979)
Water Education. The program works with local water purveyors to implement water education programs for children, offers cur-
riculum materials for kindergarten through high school, and cooperates with local water agencies in sponsoring teacher training
workshops. In addition, DWR staff members participate in education fairs, workshops, and conferences exhibiting materials and
providing hands-on workshops at these events. (/~977)
Industrial Water Conservation. The goal of this program is to develop and implement water saving techniques for industrial pro-
cesses through identification of generic water use reduction measures that can be applied to industries and industrial processes
throughout the State. (1986)
Water Reclamation. This new program is designed to facilitate the implementation of water reclamation programs. It emphasizes
bringing potential buyers and sellers of reused water together with regulatory agencies to initiate more water reclamation projects.
(1989)

Agricultural Water Conservation Programs

Agricultural Drainage Reduction Program. This program helps growers with improvements in irrigation practices on the west side
of the San Joaquin Valley in order.to reduce the volume of toxic drainage water, which has to be treated and/or discharged. !t pro-
vides information to growers to help them determine when to irrigate and how much to apply; evaluates irrigation systems and
suggests management changes to improve the efficiency of water applications; and demonstrates how irrigation technologies, such
as subsurface drip irrigatiort and volumetrically controlled furrow irrigation. (1985)
Technical Assistance in Irrigation Management. This area has three basicprograms: 1) Irdgation Systems Evaluations provide rec-
ommendations to irrigation managers on irrigation system management for more uniform distribution of applied water. Six teams
of trained technicians travel to growers’ fields in mobile labs and provide one-time evaluations of the management of the irrigation
system. 2) Cost-sharinggrants are also available to help water purveyors establish irrigation water management programs for their
water users. 3) In addition, an Inigation System Evaluation Short Course--attended by water/irrigation district staffmembers, grow-
ers, irrigation consultants, and turf managers--is given twice a year.
California Irrigation Management Information system (CIMIS). This program uses an automated electronic weather station net-
work to provide real-time evapotranspiration (ET) information to growers statewide., Weather data are recorded by more than 50
weather stations throughout California and transmitted daily by telephone to the central CIMIS computer. The central computer
estimates the ET rate of irrigated pasture at each weather station site. The ET rate multiplied by a crop coefficient results in an
estimate of the crop’s ET. Accumulated crop ET can be used to help make decisions on when to irrigate and the amount of water
needed to replenish soil moisture. (1980)
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Table 3-4
M&I Shortage Contingency Options in the South Coast Region

(In expected order of Use)

Maximum
Option                        Potential Effect         Use Constraints

~ 1. Institute public relations campaign to heighten7% of demand Implementation limited if local, stored
conservation awareness, use alternate-day water situation is excellent compared to
watering, gutter-flooder patrols, etc. shortage.

2. Cut back on deliveries to MWD member agencies 140 TAF1 Frequency of cutbacks affects participa-
for ground water recharge through spreading, tion in interruptible program.

3. Purchase emergency imported supply through50 TAF Purchase frequency not to exceed once
long-term water marketing agreement, every five years.

4. Cut back on deliveries for ground water 35 TAF Frequency of cutbacks affects participa-
recharge through in-lieu agreement with tion in interruptible program.
with MWD member agencies.

5. Cut back on deliveries to MWD member 175 TAF Frequency of cutbacks affects participa-
agencies for reservoir carryover storage, tion in interruptible program.

6. Use local reservoir carryover storage. As avaiIable RuIe curve limits use.

7. Use local ground water banked within the As available Rule curve limits use.
service area in previous year.

8. Use local ground water banked through an As available Rule curve limits use.
exchange agreement with another agency.

9. Cut back on deliveries to MWD member 74 TAF Cut back only after shortage in previous
agencies made under the interruptible year and 3-year cumulative cut not to
agricultural delivery program, exceed 100%.

10. Cut back on deliveries to MWD member 50 TAF 3-year cumulative cut not to exceed
agencies made under the interruptible sea 100%
water intrusion barrier program.

11. Institute a rationing program designed to NA Not imposed unless 20% shortfallremains
minimize adverse economic impacts (provide after foregoing measures.
for business exemptions based on economic
hardship).

1thousand acre-feet

53

C--0711 88
C-071101.088



Delta or the projected needs of the State’s growing popu-to actual year-to-year fluctuations in water supply avail-
lation. In addition, water supply and demand reductionability rather than to an average supply. As shortages in-
measures, alone, will not meet NDP objectives because:crease in magnitude and regularity, shortage manage-

ment becomes an increasingly important tool for the local
¯ they will not provide for operational flexibility of the water manager. Shortage management ~ontingency op-

SWP. Additional operational flexibility of the SWP tions have been incorporated in the economic risk man-
can achieve winter banking and provide for fishery agement analysis prepared for the NDP.
benefits in the south Delta.

The analysis also incorporates a means to account for the¯ they will not provide the required improvements in
value of avoiding extreme shortage events. Summary sta-water quality, water level, or circulation patterns in

the south Delta. tistics, such as firm and average yield, do not reflect that
one event of a specified shortage amount can be much

For these reasons, the NDP preferred alternative, in con-more damaging than two events of half that magnitude,
junction with continued and increased use of water con-for example. This is particularly true when there are inter-
servation and reclamation practices, is needed to meet thevening years of no shortfall in the latter situation and
multi-objective goals planned for the Delta. when shortage management can mitigate some of the ira-

Analysis of Water Supply and pacts of the smaller shortages.

Demand Reduction Alternatives Looking at year-to-year water supply availability in the
context of what local shortage management contingency

The analyses that follow were prepared by region. Be- options can and cannot do to mitigate adverseimpacts,
cause of the detailed information available for the Southand relating those impacts to shortages of specific sizes, is
Coast Region and its relative importance, a sophisticatedcritical to assessing the value of enhanced reliability. This
risk management analysis of this region was used and isis esPecially important in light of the increasing environ-
described briefly here and in detailin Appendix E. The ap,mental and economic costs of enhancement. The eco-
proaches used for the other regions were less comprehen-nomic risk analysis evaluates the economic feasibility of
sive and are therefore less detailed (see Figure 4-5). the level of reliability enhancement provided by any com-

bination of facilities in light of th~ shortage managementThe water supply and demand reduction alternatiVes ex-
amined in this analysis are nonstructural and structural al-techniques locally available.

ternatives that are in addition to the 1.3 MAF of demand Local water management program options were divided
reduction assumed in the calculation of water supplyinto three categories:
need.

¯ shortage contingency demand management and sup-
The purpose of this analysis is to project strategies that ply enhancement options;
maybe employed bylocal agencies as part of their "short-̄ long-term demand management and supply en-
age management." Since no single alternative will meet hancement options; and
the shortage, the benefits and risks of the water supply

¯ risk managementand demand reduction alternatives are weighed against
those of the NDP to determine the combination of alter-Shortage Management Contingency Options. Contingency
natives that maximizes benefits and maintains an accept-water management options are measures implemented
able level of economic risk. during shortages only (although they may be based on

South Coast Region long-term plans and/or agreements) and are intended to
minimize the impacts of those shortages. Such measures

South Coast Region alternatives were evaluated by pre-include 1) use of banked local ground water, 2) use of local
dicting what reasonable water management programs incarry-over storage, 3) reduction of water deliveries to in-
the region would look like both with and without the avail- terruptible programs, 4) purchasing water to augment
ability of the proposed facilities, normal sources of supply, 5) instituting extraofdinary con-

servation measures, and 6) rationing.
The approach taken in this analysis takes a comprehensive
view of water supply reliability, incorporating key infor- The extraordinary conservation measures include: alter-
marion on the frequency, size, and impacts of shortages,hate-day watering, water patrols, emergency water pric-
Local water managers (and users) must respond primarily ing programs, and intensive public education campaigns.
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Rationing is assumed to include the setting of allowablewould not be available. The options are ranked in the as-
use quantities and the provision for exemptions due to ex-sumed order of implementation (based on using those
traordinary hardship for residential users and adversewith the lowest unit cost first). The water reclamation op-
economic impact (e.g., forced layoffs) for businesses duetions are weighted average values for individual projects.
to the severity of the shortage. The options are described in the following paragraphs and

are also described in detail in Appendix E.
See Table 3-4 for a list of shortage management contin-

Unit cost, water produced or conserved by each~ option,gency options,.the limit of their effect on demand, and
and cumulative quantities are also shown in Table 3-5.their expected order of use. These options are assumed to

be available in the South Coast Region throughout theCosts shown are in 1989 dollars and are computed using

study period, noninflated dollars and a 6 percent discount rate. The en-
ergy cost component of each alternative is assumed to es-

Long-Term Options. Local long-term water management calate at 1.7 percent per year during the study period.
options to increase reliability that were considered in-These criteria, which are used to compare alternatives,
cluded 1) waste water reclamation, 2) desalinization ofare consistent with those used for developing the costs of
brackish drainage and ground water, 3) desalinization ofthe proposed SWP action.
sea water, and 4) the development of water by importa-
tion, using long-term conservation facilities in other geo-1. Water Reclamation (Set 1). See Appendix E. For year

graphic areas. Also included was the retrofit with ultra 2000, no projects are available in this group. For the

low-flush toilets and leak detection programs in the ser- period 2010 to 2035, it includes three projects produc-

vice area. All these programs are extraordinary measures; ing a total of 23,000 acre-feet (TAF). The weighted

i.e., they are beyond those assumed to be used in DWR average cost of these projects is $117 per AF.

Bulletin 160-87 and are intended to develop and/or con-2. Water Reclamation (Set 2). See Appendix E. For the pe-
serve water continuously, riod 2000 to 2035, this option includes two projects

Table 3-5 is a summary list of local long-term options as- producing a total of 13 TAF at a weighted average cost

sumed to be available in the South Coast Region. For the of $224 per AF.

year 2000, it was assumed that reclamation projects now in3. Residential water audits would be conducted by water
the conceptual stage--rather than in the planning stage-- agency representatives as a result of aggressive pro-

Table 3-5
Local Long-Term Options -- South Coast Region

Product Cumulative Unit
Order (TAF/ Product (TAF/ Cost

11 Water reclamation (set 1) 0 23 23 0 23 23 117
21 ~ Water reclamation (set 2) 13 13 13 13 36 36 224
3 Residential water audits 95 95 95 108 131 131 291
41 Water reclamation (set 3) 49 59 59 157 190 190 350
5 Ultra low flush toilet retrofit 290 290 290 447 480 480 357
6 South Coast ground water desalting 78 78 78 525 558 558 386
7 Imperial drainage water desalting 301 302 302 827 860 860 417
8 San Joaquin Valley drainage water desalting164 214 337 991 1,074 1,197 427
9 Water reclamation (set 4) 9 22 22 1,000 1,096 1,219 441

10 Riverside County drainage desalting 42 42 42 1,042 1,138 1,261 468
11 Water reclamation (set 5) 1 30 30 1,043 1,168 1,291 618
12 Water reclamation (set 6) 19 32 32 1,062 1,200 1,323 781
13 Sea water desalting 5 5 5 1,067 1,205 1,328 1,783

1These groupings are based on unit cost; for more details, see Appendix E.
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motional campaigns by the water agency. The audits duct. The costs of desalting and transportation
are free to the property owner but they are voluntary; through the aqueduct were taken into account. The
thus the number of households benefiting from the cost of substituting poorer quality Colorado Riverwa-
audit was estimated at 50 percent. Under the pro- ter for urban use, was not considered.
gram: 1) water uses are identified and discussed with
householders, 2) low-flow shower heads, toilet tank8. San Joaquin Valley Drainage Water Desalting. A pro-

displacement dams, and faucet aerators are offered gram of desalting brackish agricultural drainage wa-
ter would allow further local reuse of that water as afor installation by the agency, 3) toilet leaks are re-

paired, and 4) advice on reducing landscape and oth- substitute for water imported from the Delta so that

er exterior water uses is provided. Water savings are more water would be available to Southern Califor-
estimated to be 94,700 AF per year. nia. Whereas the quality of imported water (280 my/1

TDS) would differ from that of the desalting product
4. Water Reclamation (Set 3). See Appendix E. For year water (500 mg/l TDS), Mending small desalting prod-

2000, this option includes six projects producing 49 uct water flows with the very much larger imported
TAF. For the period 2000 to 2035, this option in- water flows would make little difference until the
cludes seven projects producing a total of 59 TAF. amounts of desalting product water reached very high
The weighted average cost of these projects us $350 levels.
per AF.

5. Ultra-low-flush toilets use 1.6 gallons per flush (gpf), Due to the complexity of the water transfer facilities,

compared to about 5.5 gpf for conventional toilets in-
no attempt has been made to calculate those differ-

stalled before 1978 and 315 gpf (low-flush) toilets in- ences, even with the maximum potential flows of de-
salting product water. The estimated potential annu-

stalled beginning in 1978. (State legislation requires
the installation of 3.5 gpf toilets after 1977.) For Bul- al yield of desalted drainage water is 164 TAF/YR in

letin 160-87, it was assumed that 1.6 gpf toilets would 2000, increasing to 337 TAF/YR in 2035. This as-

be required in all new construction after January 1, sumes that only drainage water from the Tulare Lake
Basin is totally captured for desalting. Drainage wa-1995. State legislation is pending. If most 5.5 gpf toi-

lets were replaced with 1.6 gpf toilets, at a minimal ter in the San Joaquin Basin will probably continue to

savings of 0.018 AF per person per year, the potential be discharged to the San Joaquin River as long as wa-
ter quality objectives in that river are met. To the ex-savings is 290 TAF per year. This program would re- tent that the available drainage water will be eitherquire a 10-year conversion period, reused for agriculture, used for ground water man-

6. South Coast Region Ground WaterDesalting. Locations agement, or discharged to evaporation ponds, it will
and quantities of desalted water potentially available be unavailable for desalting.
from this source are:

9. Water Reclamation (Set 4). See Appendix g. For year

Annual Yield 2000, this option includes fourprojects producing 9.0
TAF. For the period 2010 to 1035, this option includesCounty                       (AF)
ten projects producing 22 TAF. The weighted average

Ventura 10,000 cost of these projects is $441 per AF.
Los Angeles 12,000
Riverside 1%000 10. Riverside County Drainage Water Desalting. Water pro-
San Diego 20,000 vided from this source was assumed to be available for
San Bernardino 19.000 agricultural reuse in Coachella Valley. Estimated

yield is 42 TAF/YR by 1990 and thereafter. The cost
Total                   78,000                  of this option includes conveyance facilities for the

desalted water and pumping for reuse, and for Con-
Z ImperialDrainage WaterDesalting. Imperial Irrigation veying exchange water from the Colorado River to

District could use desalted agricultural water in lieu the South Coast Region.
of Colorado River deliveries. As with the Imperial
Valley conservation and transfer alternative, Metro- 11. Water Reclamation (Set 5). See Appendix E. For year
politan Water District would then divert a corre- 2000, this option includes one project producing 1.0
sponding amount from the Colorado River Aque- TAF.. For the period 2010 to 2035, this option in-
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cludes nine projects producing 30 TAF. The weighted̄ Stress crops by not meeting full evapotranspiration
average cost these projects is $618 per AF. requirements.

The small benefit to irrigated agriculture of using¯ Reduce planted acreage of annual crops.
higher quality desalted water (500 rag/1 TDS) rather
than Colorado River water (700 mg/1 TDS) was not Based on the 1976-77 drought experience, which included

subtracted from the cost of this alternative because of the drilling of many additional wells, it is reasonable to ex-

complexities such as leaching requirements. Esti-pect that any additional increment to SWP delivery cur-

mated yield is 302 TAF by!990 and thereafter, tailments due to the absence of the NDP will be compen-
sated by local ground water pumping. For areas that do

12. Water Reclamation (Set 6). See Appendix E. For year not overlieground water, the 1976-77 experience demon-
2000, this option includes three projects producing astrated local water agency flexibility in setting up contin-
total of 19 TAF. For 2010 to 2035, the option includesgency exchanges with those areas with available supplies.
six projects producing 32 TAF. The weighted average
cost of these projects is $781 per AF. Reinforcing this expectation is the fact that potential net

water savings from increased on-farm efficiency in the
13. Sea Water Desalting. In sea-water desalting, reverse Tulare Lake region are small to non-existent because of

osmosis (RO) is now competitive with more tradition- already high on-farm and basin efficiencies. In addition,
al forms of desalination, even in the case of a dual-crop stressing is a high-risk strategy and leaving non-pro-
purpose project involving both power production andgram farmland idle is costly.
desalting. In the past, desalting combined with power
production almost automatically meant a distillationThe cost of using ground water as an alternative in the
process using waste heat from the power plant. This isTulare Lake Region includes the cost of energy for the ad-
no longer true for the current RO plant designs with ditional pumping in the year of curtailment related to the
improved membranes and energy recovery turbines,absence of the NDP and the cost of managing any ex-

change programs necessary to get additional water to
Risk Management. Another long-term management strat- areas without groundwater pumping capability. Also, be-
egy evaluated was the explicit evaluation of risk with re- cause the Tulare Lake Region is in a condition of long-
gard to the optimal level of use of the long-term manage-term groundwater ove.rdraft, the additional pumping in
merit options. Using this strategy calls for explicitlyany single year will cause an increase in pumping depth,
evaluating the economic cost of shortages based on theirwhich will result in a long-term increase in all pumping
expected frequency and magnitude and in the light ofcosts. A conservative estimate of these pumping costs ira-
available contingency shortage management measures,pacts made for this report is $75 per AF. This estimate was
The results of that evaluation are then used in conjunc-based on a March 1985 DWR San Joaquin District Memo-
tion with an analysis of the cost and effectiveness of avail-randum Report, A Method for Estimating the Value of Sur-
able long-term water management measures to deter-face Water in Conjunctive Use Areas.
mine which of these measures are reasonable from an
economic standpoint. DWR provided testimony regard-Because of the long-term overdraft, the absence of the
ing the benefits of using this approach during the recentNDP will accelerate the point at which agricultural
SWRCB Bay-Delta Hearings (DWR 460). ground water pumping becomes uneconomical, or water

quality becomes unacceptable for crop production. The
Tulare Lake Region net economic cost of the future loss of irrigated acreage

was assumed to be at least as costly as the ground water
Agricultural Users. For individual farmers using SWP agri- pumping alternative described above.
cultural deliveries in this region, local options for water
supply and demand management include: M&I Users. SWP M&I users in the Tulare Lake Region

were assumed to have the same capability for ground wa-
¯ Pump ground water (if farm overlies a ground water ter pumping and/or contingency exchange as the agricul-

basin), tural users in the region. The cost of these alternatives to
the M&I users was assumed to be at least as high at theIncrease on-farm water application efficiency.
current cost of the M&I supply minus the cost of local

¯ Exchange supplies within the localwater agency from treatment and delivery. This value was estimated to be
areas with alternative supplies to those without. $230/AF based on a DWR water price survey.
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Sacramento River Region ($800 ~per AF), pipeline construction ($435 per AF) and
sea-water desalinization ($2,140 per AF). This conclusion

The M&I water users in this region are assumed to havewas the result of research conducted for the Coastal
access to local surface water as a supply management op-Aqueduct EIR being prepared by DWR. In light of those
tion. Using the weighted average SWP equivalent unitcosts, it seems reasonable to assume that shortage contin-
water cost of $21per AF as a conservatiTe alternative cost,gency demand and supply management Strategies similar
DWR assumes that the cost of using the alternative sup-to those used for the South Coast Region analysis would
plies is at least as great as the cost of the current SWP sup-be applicable to this region. Accordingly, the cost of local
ply. DWR Bulletin 132-89, Management of the California alternatives in this region were assumed to be proportion-
State Water Project, November 1989, was the source of the al to those determined for the South Coast Region--
equivalent unit cost. about $800,000 annually.

South Lahontan Region Analytical Approach for South Coast Region

SWP deliveries are made to this region for both agricul-For the purpose of e)aluating the alternatives to the NDP,
tural and urban uses. Because of the rapid urbanizationit was assumed that the shortage management contingen-
taking place and the absence of supply options, urban us-cy options available would be those which could reason-
ers depend on both the phasing out of local agricultureany be expected to be available during the study period
and an increase in SWP deliveries to meet their futureusing the criteria of physical and political feasibility. Be-
needs. Even with the use of additional local water ex-cause the same options would be used under conditions
changes and extraordinary shortage-management pro-both with and without the NDP--their use dictated by the
grams, ’the growth in urban demands will result in evenseverity and duration of shortages--they can be consid-
more frequent and severe economic losses due to short-ered as alternatives to the NDP only in terms of the fre-
ages. Without the NDP, this situation would be worsened, quency and extent of their use. It was also assumed that a

risk management strategy, as described above, would be
Colorado River Region applied, whether or not the NDP was in place. Two of the

Water management options in this region include addi-alternative configurations of the NDP were evaluated, 2A

tional waste water reclamation and water sharing with and 5B. Both evaluations assumed no SDP facilities in

agricultural users on a contingency basis. The frequencyplace.

and extent of sharing would have to be restricted to avoidThis approach required the use of a simulation model that
unacceptable economic impacts within the agriculturalwould approximate, to a reasonable degree, the use of lo-
sector. The acceptance of additional economic risk wouldcal contingency measures which would actually be seen in
also be a likely consequence of the absence of the NDRresponse to shortages of various sizes and durations. The

economic cost of shortages could then be determined bySan Francisco Bay Region tying implementation costs to the use of these measures

Water management options in this region include addi-and adding these tO an estimate of the economic losses
which would be incurred by water users after all reason-tional wastewater reclamation, water exchange agree-

ments among local water agencies, and the acceptance ofable mitigation measures were employed. For this study,

additional economic risk. It is reasonable to assume thatthe value of losses to users was derived from the current

the value of the alternatives will exceed the current valuemarginal cost of water to residential users and a recent

of urban water of about $440 per AF. This value was ob- residential user survey on the willingness to pay to avoid

rained from a DWR water price survey, water shortages.

Table 3-6 shows the relationship between potential waterCentral Coast Region shortages to households as a percentage of normal use
The situation in this region is characterized by costly waterand the median willingness to pay to avoid such shortages.
supply options in the face of increasing use due to popula-These values were used in the simulation model in func-
tion pressure. After assuming extraordinary conservationtional form to estimate losses.
measures, consisting of an ultra-low flush toilet retrofitFigure 3-7 is a flow chart of the Economic Risk Model.
program and residential water audits, a combination of Io-Appendix E contains a detailed description of the logic of
cal water supply options will be required to meet urbanthe model, the parameters used, and the general assump-
demands. These options include reservoir constructiontions.
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Set SWP delivery year = 0

SWP delivery from DWRSIM delivery file

SWP deficiency allocation routine

I
Other south coastal I I SWP south coastalI Colorado River I I SWP agricultural

M&I supplies M&I deliveries M&I deliveries deliveries

I

South Coastal interruptible demand

I 1. Salinity barrier programSimulate south coastal , 2. Agricultural supply program
M&l consumptive demand

I
3. Local carry-over storage program

I

I Supply sufficient to meet all demands? ~

IInstitute appropriate conservation programs

sufficient to meet all demands? ~1 Yes ~-"-"Supply

Allocate to local long-term storage:
1. Local surface water

Mitigate as needed: 2. Local ground water
1. Cut interruptible GW spreading program 3, Out-of-basin local ground water
2. Make contingency import purchase
3. Cut interruptible in-lieu GW recharge program
4. Cut interruptible surface storage program
5. Use local surface storage [--~ Compute value of loss of useI Compute cost of6. Use local GW storage I 1. In-lieu GW7. Use out-of-basin ground water

~

’

/

2. Lift impact8. Use interruptible ag program 3. Avoided SWP9. Cut interruptible barrier program wheeling10. Institute rationing program.
Compute costs:

I Supply sufficient to meet current 1. SWP transportation
year M&I consumptive demand? 2. Local treatment & delivery

3. GW storage & extraction~ 4. Conservation & rationing Accumulate costs
programs                      and losses

demand scenarios run? All DWR delivery years run?

~ I Increment SWP delivery year ~’-

~ All increments of local Iong-termsupply/demand option use run?
~]-~ Increment I°cal I°ng-term supply/demand °Pti°n useI

Figure 3-7. Economic Risk Model Flow Chart
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resimulation of consumptive use each time to derive a suf-
Table 3-6 ficiently reliable estimate of the expected value of the

Willingness to Pay ($ per household)               economic loss.

Sufficiency Acre-feet/year per Household
Ratio 0.75 [ 0.65 [ 0.50 For each of these runs, an expected economic loss was

.95 $25 $22 $17 computed and compared to the cost of the local extraordi-

.90 76 66 51 nary long-term water management options used. On this

.85 151 131 101 basis, an optimal use of these options could be established

.80 249 215 166 using the risk management criterion. Because risk mitiga-
tion is not costless, this level of optimal use of local man-

.75 366 317 366

.70 502 435 355 agement options still allows for an associated level of ex-

.65 654 567 436 pected losses. Any further reduction in expected losses
would not be cost-effective compared to the higher cost of
the remaining options.

Table 3-7 shows how the economic risk model run resultsIn brief, the model was run on the 57-year hydrologic re-
cord for both year-2000 level demands and year-2035 lev-were used to identify those local options that would no

longer be needed under the risk management criterion ifel demands. The operational considerations cited pre-
the NDP were in place. For each of the study years, theviously, with the exception of the future operation of

KWB and LBG, were applicable. Two sets of runs were option, part of the option, or combination of options no

made at each demand level; the only difference was thelonger needed--along with the acceptance of additional

existence of the NDP: one set assumed their existence,risk--is properly designated as the alternative to the NDP.

whereas the other set did not. Within each set, runs dif-For each study year, the first column shows the use in

fered only by the amount of additional water made avail-thousands of acre-feet of local options without the NDP
available. The second column shows the effect of theable by the use of local extraordinary long-term water

supply enhancement and demand management options.NDP on total local option use. The third column shows

Runs were made using increments of 20 TAF of additionalthe change in local option use attributable to the NDP--

local water up to a total of 1 million acre-feet, the NDP local option use alternative.

Economic Benefits
Average M&I consumptive use for the South Coast Re-
gion was based on numbers produced for DWR BulletinEconomic benefits of the proposed NDP were deter-
160-87, California Water: Looking to the Future, Novem- mined by using the Economic Risk Model directly for the
her 1987. The numbers from Bulletin 160-87 were up-South Coast Region and SWP agriculture contractors in
dated in accordance with regional population allocationsKings and Kern counties. The model results were used in-
developed by DWR from statewide interim projectionsdirectly for the Central Coast Region. Current water costs
produced by the Department of Finance for years 2000were used to estimate willingness to pay for water in the
and 2010. These interim projections were also used bySan Francisco Bay, Tulare Lake, and Sacramento River
DWR to update the 2035 projection appearing in the Draftregion.
South Delta Water Management Plan EIR/EIS, June 1990,
for the South Coast Region. South Coast Region Benefits

The benefits of the NDP for the South Coast Regions de-Variation in the year-to-year level of M&I consumptive
use was simulated within the ERM based on historic cli-pend on the extraordinary local water supply and demand

matic conditions in the South Coastal Region during themanagement options that would be employed under con-
ditions with and without the proposed NDE Either the57-year period of hydrologic record. The variance in con-
costs of the options which could be displaced by the exis-sumptive use driving the simulation was based on an es[i-

mate made in a study conducted for The Metropolitantence of the proposed NDP, the expected economic losses

Water District of Southern California by Chesnutt and which would be avoided with the proposed NDP, or both
(if appropriate), could then be properly attributed to theMcSpadden: Statistical Analysis ofWater Demands During
NDP facilities as benefits.the Current Drought, January 1989. Each run (at a speci-

fled increment of local supply) was made 30 times for eachTable 3-8A and 3-8B were developed by using the proce-
of the 57 years of hydrologic record. This allowed for the dure described in the previous section for determining the
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Table 3-7
Local Service Area Alternatives~ Local Long-Term Option Use--South Coast Region (TAF)

Year 2000 Year 2010 Year 2035

Local
Without

Opti°n I [
IOpti°n [ I Opti°nlOption Available Product With Use" I Without With Use With Without Use I

ID1 20001201012035 Project Project Nit. [ IProject IProjectl Alt. ]ProjectI Project Alt. [

NDP Alternative 2A

WR1 0 23 23 0 0 0 23 23 0 23 23 0
WR2 13 13 13 13 13 0 13 13 0 13 13 0
RWA 95 95 95 95 95 0 95 95 0 95 95 0
WR3 49 59 59 49 49 0 59 59 0 59 59 0
ULFTR 290 290 290 165 104 61 257 214 43 290 290 0
SCR GWD 78 78 78 0 0 0 0 0 0 78 78 0
IID DWD 302 302 302 0 0 0 0 0 0 232 186 46
SJVDWD 164 214 337 0 0 0 0 0 0 0 0 0
WR4 9 22 22 0 0 0 0 0 0 0 0 0
RC DWD 42 42 42 0 0 0 0 0 0 0 0 0
WR5 1 30 30 0 0 0 0 0 0 0 0 0
WR6 19 32 32 0 0 0 0 0 0 0 0 0
SWD 5 5 5 0 0 0 0 0 0 0 0 0
Total Quantity Used/Displaced 322 261 61 447 404 43 790 744 46

NDP Alternative 5B

WRI 0 23 23 0 0 0 23 23 0 23 23 0
WR2 13 13 13 13 13 0 13 13 0 13 13 0
RWA 95 95 95 95 95 0 95 95 0 95 95 0
WR3 49 59 59 49 49 0 59 59 0 59 59 0
ULFTR 290 290 290 165 47 118 257 184 73 290 290 0
SCR GWD 78 78 78 0 0 0 0 0 0 78 78 0
IID DWD 302 302 302 0 0 0 0 0 0 232 161 71
SJVDWD 164 214 337 0 0 0 0 0 0 0 0 0
WR4 9 22 22 0 0 0 0 0 0 0 0 0
RC DWD 42 42 42 0 0 0 0 0 0 0 0 0
WR5 1 30 30 0 0 0 0 0 0 0 0 0
WR6 19 32 32 0 0 0 0 0 0 0 0 0
SWD 5 5 5 0 0 0 0 0 0 0 0 0
Total Quantity Used/Displaced 322 204 118 447 374 73 790 719 71

1See Table 3-5.

optimal employment of local options and noting the ex- terpreting the model results with respect to estimating the
pected loss values associated with each level of use of the benefits of the NDP. If local water managers (and users)
options, are more risk-averse than indicated by this type of analy-

sis-which is a reasonable assumption--the benefits will
It is important to note that the lower the use of the local be higher than indicated. Under the assumption of great-
options, the higher the value of the NDP for reducing risk. er risk-aversion, the avoided cost of the local options that
The avoided economic loss benefit of the NDP would be would be displaced by existence of the facilities becomes
more than proportionally greater to the degree that the more important. Because it is the increasingly costly op-
extraordinary local options are not available or are more tions that would be displaced, the cost savings (i.e., bene-
costly than assumed--an important observation because fits) arising from use of the facilities to attain the desired
of the uncertainty about the environmental, legal, and level of risk become very large.
health aspects problems associated with some of the op-
tions. The conservative assumption of a linear build-up in de-

mand between year-2000 and year-2035 demand levels
The analysis, based on marginal value of expected losses was made to facilitate the computation of the equivalent
avoided equated to marginal costs of local water supply/ .annual benefits over the study period. This value for the
demand management options, is a conservative way of in- South Coast Region was determined to be $22.2 million
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Table 3-8A
Annual Economic Benefits of North Delta Water Management Program,

South Coast Region, Alternative 2A ($ millions)

Demand Level
Benefit 2000 2010 2035

Change in avoided losses due to reduction in use of
local options -26.0 -18.2 -32.6

Avoided local option costs 21.9 16.4 29.1
Net gain from reduction in use of local options -4.1 -1.8 -3.5
Benefit of NDP at reduced local option use 17.9 21.1 40.5
Adjusted benefit of NDP 13.8 19.3 37.0

Table 3-8B
Annual Economic Benefits of North Delta Water Management Program,

South Coast Region, Alternative 5B ($ millions)

.D..emand Level
Benefit 2000 2010 2035

Change in avoided losses due to reduction in use of
local options -57.9 -32.4 -53.2

Avoided local option costs 41.8 27.0 44.6
Net gain from reduction in use of local options -16.1 -5.4 -8.6
Benefit of NDP at reduced local option use 45.7 42.8 69.7
Adjusted benefit of NDP 29.6 37.4 , 61.1

with Alternative 2A and $41.2 million with Alternative Based on this approach, the expected equivalent annual
5B. The linear build-up is assumed to be conservative be-benefits were calculated to be $1.4 million for Alternative
cause of the nature of population growth in the area. 2A and $2.7 million for Alternative 5B.

Agricultural Benefits for SWP Service Benefits in Other SWP M&I Service Areas

Areas in Kings and Kern Counties
The Economic Risk Model has not been applied directly
to other SWP municipal and industrial areas because the

The Risk Model results were used directly for this benefitnecessary information on either the reliability or cost of
computation because of the conservative simplifying as-local supplies, the availability and effectiveness of local
sumption that benefits are constrained to the alternativewater supply, and demand management options was un-
cost of pumping in lieu of SWP agricultural deliveries. available. The following regions were those in which the

major portion of the NDP benefits were expected to oc.
This was felt to be conservative because facilities to bringcur.
ground water through intra-agency exchanges are not
available for all areas which do not overlie ground water. Central Coast Region. The situation in this area is charac-
In addition, the consequences of relying on in-lieu pump-terized by costly water supply options in the face of rising
ing in areas with critical overdraft problems were not ad- use due to population pressure. On the basis of this
dressed by this analysis, knowledge, it was felt to be conservative, with respect to

the value of the proposed NDP, to apply the benefits and
The model runs produced the following results for agri-results determined for the South Coast Region to this
cultural losses adjusted for the avoided SWP transporta-area. This was done by assuming benefits in proportion to
tion costs (Table 3-9). relative entitlement. This amount was determined to be
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Table 3-9 Summary of Annual Benefits
Annual Agricultural Benefits ($1~000)

The folIowing compilation column shows the benefits
Year derived with the procedures described above. Total bene-

2000     2010-20~5 fits of the NDP were estimated to be ab0ut $27 million an-
Alternative 2A nually for Alternative 2A and about $50 million annually

Expected agricultural losses for Alternative 5B.
without NDP 19,945 25,431
with NDP ~ 24,022 Annual Benefit

Avoided losses 1,537 1,409 ~ ( $ millions)

Alternative 5B " Alter. Alter.

Expected agricultural losses 2__AA 5__B_B
without NDP 19,945 25,431 M&I
with NDP 17,126 . 22 842 South Coast 22.2 41.2

Avoided losses 2,819 2,589 Central Coast 0.6 1.2
San Francisco Bay 1.8 3.5
Tulare Lake 0.6 1.0

Subtotal 25.2 46.9
about $600,000 annually for Alternative 2A and $1.2 mil- Agricultural
lion annually for Alternative 5B. Tulare Lake 1.4. 2.7

Total 26.6 49.6
San Francisco Bay Region. Average urban water rates in
the North Bay SWP service area are presently about $445
per AF. For the South Bay this figure is about $415 per AF. The average annual cost of additional yield provided by
Adjusting these values for local treatment and deliverythe NDP depends upon the capital cost of project con-
cost plus SWP conveyance, would translate them to aboutstruction, anuual project maintenance, aud transporta-
$390 and $360 per AF, respectively, at the Delta. Assure-tion costs. The the transportation costs are highest for the
ing these values to be year 2000-1eve1 values is conserva-South Coast Region and are taken into account when the
rive. For 2035, it was assumed that they would rise linearlybenefits for this area were calculated.
from year 2000 to $500 per AF, less than is currently being
paid in Southern California high-cost areas. Using an av-For Alternative 2A the estimated cost of water delivered
erage increment of yield from the proposed project to thisto the South Coast Region is about $100 per acre foot..
area of 4.8 TAF in 2000, rising to 7.4 TAF in 2035, the With an average annual yield of 75 thousand acre feet
benefit value was computed to the equivalent of about(TAF), the annual cost of the project, with transportatiou
$1.8 million annually for Alternative 2A and $3.5 millioncost included, is about $7.6 million and the benefit/cost ra-
for Alternative 5B. tio is about 11.6.

For Alternative 5B, the preferred alternative, the esti-
Tulare Lake Region. The average urban water rate present- mated cost of water delivered to the South Coast Region
ly being paid for urban water in this area is $268 per AEis about $240 per acre foot. With an average annual yield
Adjusting this for SWP conveyance cost and local treat-of 140 thousand acre feet OAF), the annual cost of the
ment and distribution results in a net value of $230 per AF.project, with transportation cost included, is about $33.2
This value was assumed to remain constant throughoutmillion and the benefit/cost ratio is about 2.1.
the study period. An average increment of yield from the
proposed facilities to this area of 2.1 TAF in 2000, and ris-Summary Alternative Analysis
ing to 3.9 TAF in 2035, was used to estimate benefits.
Based on this, an equivalent annual value of $600,000 wasA detailed environmental impact analysis is described in
obtained for Alternative 2A and $1.0 million annually for Chapter 5 and summarized in Table 3-10, which shows the
Alternative 5B. basis for selection of the preferred alternative.
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Table 3-10

ALTERNATIVE SUMMARY TABLE
ANALYSIS

Improve Enhance
Reduce Improve Water Improve Enhance Riparian & Delta Delta

ALTERNATIVE Alleviate Reverse Water Supply Naviga- Recreational Wildlife Out- Outflow

Floodin{[ Flow Qualit~ Rdiabilit~ lion Opimrtunities Habitat Flows Pulses

1 No A~on

2A Dredge So.Fork Mokelumne + + + + + + 0 - 0
River

2B Dredge So.Fork Mokelunme + ++ -I-+ ++ + + 0 - 0
River & Enlarge Cross
Channel Gates

3A ]3~edge So.Fork & No.Fork ++ + + + + + 0 -
Mokelurnne River

3B Dredge So.Fork & No.Fork ++ ++ ++ ++ + + 0 - 0
Mokelumne River & Enlarge
Cross Channel Gates

4A Enlarge So.Fork Mokelumne +-H- + + + ++ +-!-+ +-H- O
& Dredge No.Fork
Mokelumne River

4B Enlarge So.Fork Mokelumne +++ +++ +++ +4-+ ++ +++ +++ 0
River, Dredge No.Fork
Mokelane River, & Enlarge
Cross Channel Gates

5A Enlarge No.Fork Mokelunme +++ + + + ++ ++-t- +++ - 0
River & Dredge So.Fork
Mokelumne River

0A Create an Island Floodway +4-4-+ + + + 0 ++ -- 0

0l~ Create an Island Floodway +4-1-+ +4-+ +4-+ +4-+ 0 ++ -- 0
and Enlarge the Cross
Channel Gates

7 Conservation, Reclamation, 0 0 0 +++ 0 0 0 0 0
Desalinization, and Accept-
ance of Increased Risk

Preferred Aitemative
Key: + Beneficial Impact

0 Insignificant Impact
- Adverse Impact

U Unknown Impact
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Table 3,10 (continued)

ALTERNATIVE SUMMARY TABLE     ¯
ANALYSIS

Municipal Agricul- Channel
¯ & Indus- rural Velocities Striped Salmon ~Fish Food

Altern- trial Water and Bass and American Resident Supply
ative ¯ water use Use Siltation Levees Impacts Steelhead Shad Sturgeon Fish Impacts

1

2A + + + + 0 - - 0 - .

2B ++ ++ + +      0 -0’ - 0 - -

3A + + + + 0 - - 0 - -

3B      ++      ++      +      +      0        0        -        0        -        -

4A + + ++     +      0 - 0 0 0 +

4B     +++     +++     ++     +      + 0 0 0 0 +

5A + + ++     +     0 0 + 0 0 +

6A + + + 0 0 -- - 0 0 +

6B +++ +++ + 0 + -- - 0 0 +

7 0 0 0 0 0 0 0 0 0 0
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¯ Table 3-10 (continued)

ALTERNATIVE SUMMARY TABLE
~ ANALYSIS
~ Rare,Threat- Tracy San Fran- Socio- Archaeo-

ened and Pumping cisco Bay Economic/ Energy & logical &
¯ Altern- Endangered’ Plant Suisun Aquatic Conslruc. Growth Capacity Cultural Cost

ative Species Operation Marsh Resources lion Impacts Impacts Resources $ Million

1
?

2A      +       0      0      U      0      0      -     U      29 ¯

2B + 0 0 U 0 0 -- U 59

3A + 0 0 U 0 0 - U 53

3B + 0 0 U 0 0 -- U 83

4A ++ 0 0 U 0 0 - U 368

4B ++ 0 0 U 0 0 -- U 398

5A ++ 0 0 U 0 0 - U 260

::~:.::~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:’,-:!:~::::’:--~.-’~!:

6A 0 0 0 U 0 0 - - U 250

6B 0 0 0 U 0 0 -- U 280

7 0 0 0 0 0 0 0 0 780
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Alternatives Rejected From quently when the Peripheral Canal was defeated, DWR

Further Consideration published a report in 1983 focusing on alternative solu-
tions to the Delta water transfer problems. Some of the

This section discusses the alternative plans investigated inalternatives analyzed in the 1983 report Alternatives Fdr
the past to meet some NDP objectives. Delta Water Transfer are applicable to the NDP objectives,

and they have been considered in some of the NDP alter-
Peripheral Canal natives.

The Peripheral Canal was proposed in the late 1960s as a
joint-use facility of the SWP and CVP. The objective of One alternative in the 1983 report not considered here is
the project was to convey good quality water from the Sac- the dual transfer system. A dual transfer system would be
ramento River to the existing SWP and CVP pumpinga compromise for the many beneficial users of Delta wa-
plants for export and to 12 release facilities to distributeter. Under this concept, about half the water being ex~
water from the canal to Delta channels to maintain water ported by the SWP and CVP would flow through existing
quality within prescribed criteria and to improve the Deltachannels and half in a new channel. A new channel would
aquatic environment and the resources and economies ithave been built from Hood to Clifton Court Forebay to
supports. However, voters rejected Proposition 9 (Senatetransfer all SWP flows in all but the high-flow, high-div-
Bill 200) in June 1982, making advocacy of the plan im-ersion months. This facility could have followed the same
practical, alignment as the Peripheral Canal but with only one-third

Some of the benefits the canal could have had on thethe capacity. Except for small areas to the east, Delta wa-
north Delta are discussed here. Additional informationterneedswouldhavebeenmet from flow through existing
can be found in the Draft EnvironmentaI Impact Report, Pe- channels rather than canal releases.
ripheral Canal Project, DWR, August 1974.

As it crossed the San Joaquin, Middle, and Old rivers, theIn recent years, drinking water quality has become a grow-
Peripheral Canal would have released good quality watering concern. Organic contaminants have also become an
into each of them. This would have provided water of ade- important issue. A May 1989 report, Delta Drinking Water
quate quality in the south. Delta in coordination with theQuality Study (Brown and Caldwell, Consulting Engi-
environmental needs of the fishery, neers), identified water quality problems and manage-

ment strategies to deal with drinking water quality. The
In addition, the Peripheral Canal would have eliminated                  -alternatives analyzed ranged from minor modification of
direct pumping from the south Delta channels in all butwater project operations to major modifications of water
periods of high San Joaquin River flows. Thus, the ad-project facilities. The results of the studyshow that alter-
verse impacts of SWP and CVP operations on water levelsnatives that receive water upstream of the Delta would
in the south Delta would have been eliminated. provide drinking water of higher quality than that of the

Other Alternatives existing supply. The report provides updated information
for the Peripheral Canal assessment. In addition, recent

In Bulletin 76, Delta Water Facilities, DWR, July 1978 aanalysis by DFG through negotiations (Article VII) has
long list of suggested alternatives was analyzed. Subse-shown favorable aspects for an isolated transfer system.
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Chapter 4. ENVIRONMENTAL SETTING

This chapter describes the geographic areas related to theMarsh and adioining bays are the brackish transition be-
North Delta Water Management Program. Because of tween the fresh water flowing from the rivers and the salt
the interdependence of water supplies used in the State,water of the Bay.
these areas include a large part of California. The areas
are: The estuary water quality and tidal hydraulics are com-

plex. When Delta outflows meet the higher salinities of
¯ North Delta Region the bay and ocean, salinity gradients result from the mix-
¯ Delta Region ing of fresh water and ocean water. The magnitude and

extent of these gradients depend primarily on the magni-¯ Suisun Marsh tude of Delta outflows and ocean tides. As outflows in-
¯ San Francisco Bay Area ’ crease, the mixing zone tends to shift seaward, increasing

the salinity stratification and compressing the mixing¯ Sacramento Valley
zone.

¯ San Joaquin Valley

¯ State Water Project service areas in North and Other factors affecting the estuary water quality and by-
South San Francisco Bay, Central Coast, San Joa- draulics include channel geometry, wind, barometric

quin Valley, and Southern California pressure, local and project diversions, agricultural drain-
age, pollutant discharges, and ambient temperature. Or-

The Sacramento-San Joaquin Delta and San Franciscoganisms inhabiting the Bay also vary with time and loca-
Bay estuary, comprised of the Delta, Suisun Marsh, andtion, in response to changes in flow and water quality,
the San Francisco Bay system, supports major popula-ranging from those tolerant of ocean salinities, to those
tions of fish and wildlife. An overview of, the estuary is only tolerating freshwater, to those estuarine organisms
presented below, followed by specific discussions of eachthat have developed a tolerance to widely varying salini-
of the areas listed above, ties.

Overview San Francisco Bay consists of four embayments - Suisun
-: Bay, San Pablo Bay, Central Bay, and South Bay. Hydrau-

The 12 counties surrounding the Bay/DeIta estuary en-lic conditions in the system are primarily controlled by
compass a diversified and vital metropolitan and agricul-tides and freshwater inflow. Tides originating in the Pacif-
tural region. The population in these counties is increas-ic Ocean enter San Francisco Bay through the Golden
ing. The estuary supports one of California’s mostGate, where the average tidal range is 5.7 feet. The vol-
important aquatic ecosystems. The mild temperaturesume of water entering and leaving the bay system during
an.d ample waterways also make it one of the most populareach 6.2 hour flood or ebb tide averages about 1.1 million
sports fishing and recreational areas in California. acre-feet (MAF).

Flowing south, fed by streams in the northern Sierra Ne-The major source of fresh water in San Francisco Bay is
veda, the Sacramento River meets the northbound Sanoutflow from the Delta. Delta outflows vary greatly ac-
Joaquin River to form theSacramento-San Joaquin Deltacording t.o month and hydrologic year type. Delta outflow
in the Central Valley. The two rivers mingle with smaller has averaged 24 MAF over the period from 1977 to 1986,
rivers to form a 700-mile-long maze of rivers and sloughsranging from less than 2.5 MAF in 1977 to more than 64
surrounding over 60 islands and tracts. MAF in 1983.

Tributary inflow provides for local consumptive use, pro- Other inflow sources to San Francisco Bay are: Alameda
tective Delta outflow requirements, and exports in theCreek, Nape River, Petaluma River, Coyote Creek,
State from the Bay Area to Southern California. Outflows Guadalupe River, Walnut Creek, San Lorenzo Creek,
continue westward out of the Delta at Chipps Island,and Sonoma Creek. These tributaries each have an aver-
through a gap in the Coast Ranges at Carquinez Strait,age annualinflow of less than 200 cubic feet.per second
and into San Francisco Bay and the Pacific Ocean. Suisunwith peak flows considerably higher.
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North Delta Region and summer. It is comprised of islands that are several
feet higher than the average level of Delta land and are

The north Delta, part of the Sacramento-San Joaquinsurrounded by several interlocking waterways. Flood con-
Delta, includes channel systems south of Sacramento,trol levees buffer the entire project area. The levees and
north of the San Joaquin River, east of Rio Vista, and westtheir waterside berms support lush vegetation which
of Thornton, as shown in Figure 1-1. The smallcommuni-screens and.protects the scenic and natural environment
ties of Courtland, Locke, Walnut Grove, Terminous, andof the area.
Isleton provide agricultural, recreational, and other ser-
vices. Local roads and State Highways 12 and 160 provideCosumnes/Mokelumne River Confluence. One of the few

access to the area. areas of the Delta that remains nearly as it was before rec-
lamation efforts began in the last century is the

Vegetation in the Delta can be classified using the follow- Cosumnes/Mokelumne confluence area just north of
hag habitat groups: Thornton. The Nature Conservancy has established the

1400-acre Cosumnes River Preserve at this location in an
¯ Riparian-consists of a rather narrow band of vege- effort to preserve an unleveed riparian forest and wet-

tation occurring along waterways, lands ecosystem with the full array of naturally occurring
¯ Upland-represented by open areas, fallow fields, biological diversity. The Beach Lake area just south of

and grazing lands with vegetation consisting of nat- Freeport and north of the Stone Lake Basin is a privately-
ural grasses and herbs with few or no trees, owned preserve open to the public for an annual fee.

¯ Agricultural-hacludes cultivated row crops such as Hunting, fishing, camping and wildlife viewing occur in
asparagus and sugar beets, field crops such as corn this area. The owners emphasize maintenance of maxi-
and safflower, and pear orchards, mum wildlife habitat, even with successfulfarming.

¯ Urban-consists of residential and commercial
areas. It is restricted to species tolerant of man and Stone Lakes. The Stone Lakes Basin is one of the last re-
his machines, maining naturalfreshwater lake habitats ha the California

Central Valley, with its complex interrelated water,The north Delta,-until reclaimed by levees ha the latemarsh, and grassland ecosystem. It provides food andcov-
1800s and early 1900s, was a tidal marsh with meanderinger for one of the most unique and diverse populations ofchannels separated by low-lying islands. Area-wide

birds, fish, and animal life in the state. The basin containsflooding was an annual event and was part of the naturalthe largest collection of bird species in the Central Valley,
ecology of the area. with some 100 different types identified. The basin serves

Now, federal flood control levees and bypass systems pro-as a major component of the internationa! Pacific flyway

tect the Delta from flooding from its major tributaries by providing a seasonal home for many species of migrato-

when they initially enter the Delta, with the exception ofry waterfowl.

the Cosumnes River/Dry Creek/Mokelumne River sys- The U.S. Department of Agriculture Soil Conservation
tern. This makes the north Delta highly vulnerable toService identifies four major soil association groups in the
flooding, north Delta. These are:

The northern portion of the Delta has many scenic rivers¯ Poorly drained organic and mineral soils of the del-
and channels popular with boaters and anglers. Many of tas;
the levees defining these channels ~are heavily overgrown̄ Deep, somewhat poorly drained s0ils Of natural
with vegetation to the extent that even some of the man- river levees and alluvial fans;
made levees appear to be untouched. There are several̄ Poorly drained clay and clay loam soils of basins
significant biological resource areas in this area. These and basin rims; and
areas consist of the Delta Meadows, Mokelumne/¯ Shallow to moderately deep, somewhat excessivelyCosumnes River complex, Beach Lake, and Stone Lakes

to poorly drained soils of the terraces.(Figure 4-1).
Agriculture is the predominant land use in the north Del-

Delta Meadows. The Delta Meadows area along Snodgrass ta. Agriculture has historically been the basis for most of
Slough, appears much the same way it did 100 years agothe activity that occurs in the Delta and the Delta islands
and has especially heavy recreational use during springand tracts were originally reclaimed from swampland for
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Figure 4-1. Significant’Biological Resource Areas, North Delta Study Area

agricultural use. Despite the many changes that have tak-ation at these facilities is contained in the Davis-Dolwig
en place in and around the Delta area over the last 100Act (Water Code Sections 11900-11925), adopted by the
years, agriculture continues to maintain a strong influ-Legislature in 1961 after public hearings and discussions.
ence over the lifestyles of the area residents. The Da~,is-Dolwig Act declares that recreation and the

enhancement of fish and wildlife resources are among the
Recreation purposes o.f State water projedts: TheAct provides for the

~ Department to allocate reimbursable costs of any SWP fa-
Although the north Delta environment has been exten-cility to recreation or fish and wildlife enhancement pur-
sively altered over the past 125 years by reclamation andposes. It further provides that land acquisition for recre-
development, natural and aesthetic values remain -thatation and fish and wildlife enhancement be planned and
make it a valuable and unique recreational asset. Water-initiated as a part of the acquisition program for other
fowl and wildlife are still abundant, sport fishing is stillproject purposes. The Act recognizes that since the De-
popular, and vegetation lining the channels and islandspartment plans and acquires land for all other aspects of
are still attractive. As a result, the miles of channels andState water projects, the Department should have the re-
sloughs that interlace the area attract a diverse and grow-sponsibility for land acquisition for recreation and fish and
ing number of people seeking recreation, wildlife as well.

Recreation has been a major concern in establishing StateWith its unique and numerous recreational opportunities,
Water Project facilities. The basis for developing recre- the north Delta will continue to support large numbers of
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recreationists. Motor boating and fishing are the leadingtions of the levees can increase the recreation potential of
activities. The extensive riparian vegetation of the norththe north Delta. Low impact recreation use combined
Delta area is conducive to sightseeing, bird watching, andwith access restrictions, will ease some of the problems of
relaxing. Overnight camping, picnicking, swimming, andlimited land access and add wetland and riparian habitat
water-skiing, are enjoyed by many people. Photography,to complement existing sensitive areas. Access restric-
bicycling, hunting, and sailing are participated in less fre-tions will be coordinated with county,state, and federal
quently, agencies.

The north Delta has many unique habitats worth protect-The north Deltahas numerous commercial recreation fa-
ing and enhancing. Habitat critical not only for wildlife, cilities which are shown in Table 4-1 and Figure 4-2.
but also of considerable scenic value, presently protectedThese facilities provide rentals, services, camping, guest
or proposed for protection include: docks, fuel, supplies and food. Any recreation facilities

provided with the NDP will complement rater than corn-¯ Stone Lakes Wildlife Refuge
pete with existing facilities.

¯ Cosumnes River Preserve

¯ Delta Meadows Cultural Resources

¯ Snodgrass Slough The Indians who lived in the north Delta area at the time
¯ Lost Slough of European contact are known as the Plains Miwok and-

¯ Numerous channel islands and heavily vegetatedNorth Valley Yokuts.

berms

The proposed setback levee feature of the NDP can corn- The first contact with Europeans was made by Spanish ex-
plement these sensitive areas. The setback levees will in-peditions in the first decade of the 19th century. Many of
clude water side berms to support the growth of riparianthe Indians were drawn into the missions. This, coupled
vegetation. The berms will also help as a buffer betweenwith the effects of European diseases and ~he onslaught of
recreational use in the waterways and private land use onsettlers after the 1849 gold rush, effectively destroyed the
the landward side of the levees. This will decrease tres-aboriginal way of life before much ethnographic informa-
passing on private lands. Controlled public access to por-tion could be obtained.

Table 4-1. Commercial Recreation Facilities, North Delta

1. Courtland Docks 17. Tunnel Trailer Park 33. Korth’s Pirates Lair Marina2, Morgan’s Landing 18. Sids Holiday Harbor 34. Moores Riverboat
3. Steamboat Landing 19. Snug Harbor 35. Willow Berm Boat Harbor4. Steamboaters Resort 20. H.idden Harbor 36. Lighthouse Resort
5. Islands Marina 21. Vieira’s Resort 37. Rancho Marina
6. Golden Gate Island Resort 22. Cliff House 38. Sycamore Park
7. The Boathouse 23. Ernie’s 39. Perry’s Boat Harbor8. Walnut Grove Merchants Dock 24. Riverside Inn & Marina 40. B&W Resort Marina

41. Tower Park Marina
9. Deckhands 25. Ox Bow Marina 42. Camp - A - Float10. Delta Country Houseboats 26. The Spot 43. Herman & Helen’s11. Walnut Grove Marina 27. Owl Harbor. 44. Uncle Bobbie’s12. New Hope Landing 28. Bruno’s Island 45. King Islands Marina13. Wimpy’s Marina 29. Blue Heron Harbor 46. King Island Houseboats14. Giusti’s 30. Spindrift Marina 47. Holiday Flotels15. Ryde Hotel 31. Andreas Cove 48. King Island Resort16. Ko -- Ket Resort 32. Happy Harbor 49. Paradise Point Marina
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A Class I archeological survey, consisting of a recordsThe California Natural Diversity Data Base (CNDDB)
search of previous surveys in the area, was conducted,classifies the emergent freshwater marsh as part of the
One prehistoric archeological site and no historic sitesCoastal and Freshwater Marsh plant community. The
were identified in the study area. This prehistoric site isCNDDB has assigned this community one of its highest-
mostly destroyed by farming activities (CSUS, 1989). priority classifications because agricultural and urban de,

velopment has destroyed more than 90 percent of the
A Class II sample survey is in process by USBR archeolo- original acreage of this community in the Central Valley.
gy staff to determine the resources present in the studyThe CNDDB classifies the forest and riparian forest as
area that may be affected by the project. As part of the Great Valley Oak Riparian Forest. The CNDDB has also
Class II survey, records of the sites identifiedin the Class Iassigned this community one of its highest priority �lassifi-
survey willbe identified in an effort to determine the rela- cations because nearly 90 percent of the acreage of this
tionship between sites and landforms, community has been destroyed and only 2.5 percent of the

remaining habitat is in an apparently unaltered condition.
It has been established that areas of higher relief, those
presently above sea level, have a high probability for theThe heavily-shaded riverine aquatic habitat is an impor-
presence of prehistoric sites. Areas that prior to reclama-tant habitat in the north Delta. It occurs where substantial
tion were uninhabitable tidal marsh are defined and maywoody vegetation overhangs a slough or river with contin-
be excluded from further surveys, uously or periodically moving water.

Research of historic documents indicates that the first ca-Rare, Threatened, and Endangered Species
nals and levees were built in the 1850s. The records indi-
cate that most of the area was in agricultural use by theRare, threatened, and endangered plant and animal spe-
late 1800s. Further historic research and field investiga-cies which may occur in the project area are shown in Ta-
tions are part of the Class II sample survey, ble 4-2. The table also lists species which are candidates

for listing as rare, threatened, or endangered by the U.S.
Findings of the Class II sample survey will help determineFish and Wildlife Service CLISFWS) and the Department
whether, and where, a Class III intensive survey is need- of Fish and Game (DFG).
ed.

Field surveys for rare, threatened, and endangered spe-
Fish and Related Habitat cies were done in 1987, 1988; and 1989. The surveys are

discussed in more detail in Appendix D.
Several species of anadromous and resident fish found in
the Delta are also present in north Delta channels. ThePlants. Twenty-two Suisun Marsh aster plants were found
principal species are Chinook salmon, striped bass, steel-in Little Potato and Little Connection sloughs and Burns
head, American shad, sturgeon, catfish, sunfish, andReach of the San Joaquin River either growing on in-
many native non-game species. The Delta fisheries are af-stream islands or above rock revetment on the water side
fected by the dissolved oxygen, water quality, and tern-of levees. Nine populations of Mason’s lilae0Psis were
perature in the channels, found i.n the project area, growing mainly on eroded mud-

banks. The greatest density occurred on islands in Little
These and other biological resources are discussed inPotato Slough. All other populations were isolated
Chapter 5. patches intermixed with other mudbank spe6ies..

Wildlife and Related Habitat California hibiscus was found at 10 locations scattered
throughout the project area. The greatest concentration

Most of the land on the islands in the north Delta consistsof California hibiscus was found in the Snodgrass Slough
of irrigated ~agriculture. The natural vegetation on thearea. Individual plants were found in other locations.
river banks is periodically modified in most places due to
construction and maintenance of levees. Habitat or coverTwelve populations of Delta rule pea were found; nine in
types in the north Delta are agriculture, forest, riparian-̄  Snodgrass Slough on tule islands.
forest, riparian scrub-shrub, emergent freshwater marsh,
and heavily shaded riverine aquatic.
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Table 4-2
Rare~ Threatened, and Endangered Species Potentially Occurring in the North Delta Project Area

Scientific              [                    I
Common Name Name Status* Distribution Habitat

PLANTS

Suisun Marsh aster Aster chilensis C2 San Pablo Bay, Suisun Marsh, Dense vegetation,
lentus Delta stabilized substrate

Antioch Dunes Oenothera deltoides SE,FE Delta Sand dunes
evening primrose

Sanford’s arrowhead Sagittaria sanfordii C2 Butte, Fresno, Sacramento, Tale islands
and De1 Norte counties                         :

Mason’s lilaeopsis Lilaeopsis masonii C2, SR Delta Mudbanks

California hibiscus Hibiscus C2 Delta & Central Valley Up to Freshwater marsh
californicus Butte County

Delta rule pea Lathyrus jepsonii C2 Delta Freshwater marsh
jepsonii

ANIMALS

Aleutian Canada goose Branta canadensis FE Western Delta, Modesto Fresh and salt water
leucophareia marshes and

waterways

Greater sandhill craneGrus canadensis ST Central Valley Fresh water marsh,
tabida riparian areas, corn

fields, near trees for
nesting

California black rail Laterallus jamaicensis C2, ST Coast from Matin County to Fresh and salt water
coturniculus north Mexico; inland marshes marshes

Tricolored blackbird Agelaius tricolor C2 Central Valley & Sierra Marshes, flooded
Nevada foothills lands, margins of

ponds, grassy fields

Swainson’s hawk Buteo swainsoni ST Lower Sacramento and San Grasslands, irrigated
Joaquin valleys; Klamath Basin; pastures, and open
Siskiyou County. Winters in fields near trees
South America for nesting

Giant garter snake Thamnophis couchi gigas C2, ST Fresno County north throughFreshwater marsh,
the Central Valley; east Delta riparian areas, rice

fields, canals

Western pond turtle Clemmys marmorata ~ C2 Throughout California west Ponds and waterways
of Cascade-Sierra crest lined with emergent

vegetation

(Continued on next page)
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Table 4-2 (Continued)
Rare~ Threatened~ and Endangered Species Potentially Occurring in the North Delta Project AreaScientific      I                            [

Common Name Name Status* Distribution Habitat

ANIMALS (continued)

California tiger Ambystoma tigrinum C2 Sonoma to Santa Barbara Reservoirs, ponds,
salamander californiense counties pools, lakes, and

slow-flowing streams
in grasslands and
open woodlands

California red-legged Rana aurora draytoni C2 Coast, Transverse, Cascade, Quiet, permanent
frog and Sierra Nevada ranges water in woods,

forest clearings,
riparian areas,
grasslands

Valley elderberry Desmocerus californicus FT Lower Sacramento Valley Elderberry bushes in
longhorn beetle dimorphus north to Red Bluff riparian~ arefis

Sacramento anthicid Anthicus sacramento C2 Yolo, Solano, Butte, & Sand dunes near
beetle Sacramento counties rivers

Delta smelt Hypomesus transpacificus C1, SC Suisun & San Pablo Bays in Salinities usually
early fall; spawns in channels less than 2 parts
& dead-end sloughs, per thousand
December through April

Sacramento splittail Pogonichthys (C2) Suisun Bay from February-- Slower currents;’
macrolepidotus April; spawns in upstream tolerates brackish

deadend sloughs Jan-July water

Sacramento perch Archoplites interruptus (C2) Sacramento-San Joaquin Needs beds of rooted
Delta; Russian River; & emergent aquatic
Scattered lakes & vegetation; tolerates
reservoirs alkaline water

Chinook salmon Oncorhynchus FI;, SE Sacramento River system Cool fresh water with
(winter-run) tshawytscha access to ocean

*Status: Fr = federal threatened; FE = federal endangered; C1 = federal candidate with sufficient data to support federal listing;
C2 = federal candidate currently without sufficient data to support federal listing; ST = State threatened; SE = State endan-
gered; SR = State rare; SC = State candidate for protected status; (C2) = Currently being recommended by the Sacramento

Endangered Species Office that the species be proposed as a C2.
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Sanford’s arrowhead was found at two locations in thewary and difficult to census, it may occur in the project
project area. Ten populations were found on a point bar inarea despite the lack of sightings.
Ste.amboat Slough. The other location, North Fork
Mokelumne River, was estimated to contain thousands ofSuitable habitat for western pond turtles occurs along all

watercourses in the project area. Several large, adultindividuals.No Antioch Dunes evening primrose was
found, western pond turtles were observed during field surveys in

Lost Slough,-Snodgrass Slough, and the South Fork

Animals. Several active Swainson’s hawk nests were found Mokelumne River. Since no small turtles were observed,
it is not known whether a viable breeding poptilation existsin trees along Snodgrass Slough, Steamboat Slough, and

the Mokelumne River in the study area. A pair of Swain- in these areas.

son’s hawks was also seen flying over the Mokelumne Riv-No California tiger salamanders or California red-legged
er adjacent to agricultural fields. While nesting habitat isfrogs were found nor does suitable habitat exist in the pro-
absent from most of the South Fork Mokelumne andject area. These species require quiet, still water for
North Fork Mokelumne, the project area does contain abreeding. The major waterways in the project area are too
significant portion of the riparian woodland remaining indeep, swift, and subject to frequent inundation. Many of
the Delta. the irrigation ditches are kept clear of aquatic vegetation.

The surrounding lands are intensively cultivated.
Two black rail responses were heard at one location inNo field surveys were conducted for winter run Chinook
Little Potato Slough at its confluence with White Slough. salmon, Sacramento perch, Delta smelt, or Sacramento
The habitat along the southern end of the island is domi-splittail. The winter run Chinook salmon has recently
nated by emergent bulrush and cattails in the tidal zonebeen listed as an endangered species by the State, and has
and by shrub and tree willow, cottonwood, and dogwooda federal emergency listing as threatened.
(Salix spp., Populus fremontii, and Comus stolonifera) in
upland areas. Suitable black rail habitat throughout theLittle is known of Delta smelt occurrence in the project

remainder of the project area is limited. The few areas of area. Suitable habitat may be present, but due to the large

marsh vegetation are either growing from inundated sub-population decline, this habitat may not be occupied. Del-
strates or are dominated by willows, ta smelt were not encountered during DFG electrofish

studies in the Mokelumne River area in the early 1980s.
No tricolored blackbird individuals or nesting coloniesDFG electrofishing studies in the Mokelumne River and
were observed in the project area. Tricolored blackbirdsSouth Fork Mokelumne River in the early 1980s found no
can shift their nesting locations from one year to the next.Sacramento perch; the species has not been seen in the
The nearest known previous nesting colony is about 8Delta since the 1970s. It is unlikely that the species occurs
miles east of the project area. Habitat which may be suit-in the project area.
able for nesting is found in cattail/tule stands along the
watercourses and in scattered areas of mustard borderingDFG electrofishing surveys in 1981 found over 20 splittail

agricultural fields. With the possible exception ofin the Mokelumne River near the Interstate 5 bridge, in-

Snodgrass Slough and Lost Slough, the amount of emer-dicating the the species probably spawns in that portion of
the river. A few individuals were also found at scatteredgent marsh vegetation in the project area is probably not
locations in the South Fork Mokelumne River andlarge enough for winter roosting.
Snodgrass Slough.

Only one giant garter snake was observed during.surveys.No specific surveys for the Sacramento anthicid beetle
The snake, a large pregnXnt female, wa~ found west ofand the Antioch dune beetle were undertaken; rather,
Snodgrass Slough about 0.75 miles NNE of Locke. How-during other survey efforts, observers conscious of habitat
ever, a suitable habitat consisting of marsh and streambedrequirements watched for suitable habitat (riverine
riparian vegetation is widespread in the project area. Ar-dunes). The Antioch dune beetle is believed to be re-
eas of suitable habitat include vegetated levees, vegetatedstricted to two locations:~ the west end of Grand Island,
islands and mid-channel berms, and vegetated irrigationSacramento County; and Sandy Beach County Park, near
canals and drains within agricultural lands. Virtually all is-Rio Vista, Solano County. Both locations are also re-
lands and channels in the study area contain some suitableported to support populations of the Sacramento anthicid
habitat. There are records of giant garter snakes frombeetle. The closest known population, at Grand Island, is
similar habitats in the Delta. Because this snake is veryabout 9 miles west of the project area.
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Analysis of aerial photographs and recent soil mappingacres), which produce an average gross income of about
identified two to three acres of remnant dune habitat$375 million. The Delta is interlaced with about 700 miles
north of Lambert Road, between Snodgrass Slough andof waterways. The network of levees totals about 1,!00
the Southern Pacific Railroad grade. No other suitablemiles and protects the islands and tracts, almost all of
habitat was identified during survey efforts, which lie below sea level.

Due to the specificity of the valley elderberry beetle for Protection of certain islands from flooding is particularly
the elderberry and the large proportion of the beetle’simportant because of the threat to life and property, the
lifespan spent within it, the primary survey method ispresence of utilities and highways, and water quality deg-
identification of elderberry plants. If plants are located, radation from the sudden intrusion of brackish water from
secondary survey methods include canvassing of plants forthe Bay. Long-term water supply problems could occur
adult emergency holes. Surveys were conducted by auto-should a Delta levee break, particularly if an island were
mobile, boat, and on foot to cover areas potentially im-allowed to remain flooded and no remedial action were
pacted by the project alternatives, taken. Evaporation from a flooded isla .nd exceeds the con-
Elderberry was widely distributed and relatively densesumptive use of an equivalent area of irrigated farmland

along both sides of the Mokelumne River between Inter- by about one or two feet per year. This increase wou!d re-

state 5 and New Hope Landing, where it was a common quire the state and federal water projects to release more

component of the mixed riparian woodland which bordersupstream water from storage to repel salinity intrusion.

this reach. Plants of all age classes were represented. El-Permaflent flooding og certain islands in the western

derberry is common to both sides of the levee along theDelta (where brackish water and fresh water meet) could
Mokelumne River upstream of I-5 to Dry Creek. One increase the upstream movement of ocean salts, requiring

plant exhibited a single emergence hole about 1-2 yearsthe projects to provide more outflow to repel the salts and

old. Due to this evidence, and the proximity of thesemaintain water quality in the Delta and at the pumps.

plants to other reported occurrences along the CosumnesAlthough no major.cities are entirely within the Delta, it
River, elderberry in this reach should be considered po-.does include a portion of Stockton, Sacramento, West
tential and/or actual habitat. Sacramento; the small cities of Antioch, Brentwood, Is-
Only a few widely-scattered elderberry plants were lo- leton, Pittsburg, and Tracy; plus about 14 unincorPorated
cated along the South Fork of the Mokelumne River be- towns and villages. The population in the legal Delta is
tween New Hope Landing and Terminous. No riparian about 200,000, most of it in upland areas on the eastern
woodland remains in this reach except immediately southand western fringes. The Stockton area, on the east, and
of the Walnut Grove Road crossing. A single elderberry the Antioch-Pittsburg area, on the west, have undergone
plant was identified on the east side of Tyler Island aboutsteady industrialization and urbanization. Most Delta is-
1.5 miles downstream from Dead Horse Island. Due to its lands are sparsely populated; some, however, including
proximity to other reported occurrences, this plant shouldByron Tract and Bethel Island have large.urban communi-
be considered potential habitat, ties.

Other areas currently supporting elderberry include theSeveral municipal and industrial water users in the west-
banks of Snodgrass Slough, Lost S!ough, and Dead Horseern Delta maintain dual supply systems for fresh water--
Cut, the perimeter of Dead Horse Island, the Staten Is- off-shore diversion and the Contra Costa Canal i3ff-
land levee north of Walnut Grove Road, and scattered lo2shore water is used when the quality is adequate for the
cations along Highway 160between Snodgrass Slough andintended use, and Contra Costa Canal supplies are used
Hood. when offshore quality is degraded below acceptable limits

due~to low Delta outflows. The Contra Costa Canal is the
Delta Region sole source of municipal water for other Contra Costa

Water District customers.The Delta has legal boundaries established in California
Water Code Section 12220 and shown on Figure 4-3. TheDelta agricultural watek users divert directly from the
Delta is generally bordered by the cities of Sacramento,channels, using more than 1,800 unscreened pumps and
Stockton, Tracy, and Pittsburg. The 738,000 acres in the. siphons, which vary from 4 to30 inches in diameter, and
Delta are part of the largest estuary in California. The for- with flow rates of 4 to about 200 cfs. Total diversions vary
met wetlands have been reclaimed into more than 60 is-between 2,500 and 5,000 cfs during April through August,
lands and tracts, largely devoted to farming (about 520,000with maximum rates in July.
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The climate of the Delta area is Mediterranean with aged area contains 58,600 acres of marsh, managed wet-
warm, rainless summers and cool, moist winters. The an-lands, and adjacent grasslands, plus 29,500 acres of bays
nual rainfall varies from about I8 inches in the easternand
central parts to about 12 inches in the southern part.and waterways. An additional 27,900 acres of varying land

Ocean winds enter the Delta through the Carquineztypes acts as a buffer zone.

Strait and are very strong at times in the western Del~a.Most of the managed wetlands are enclosed within levee
The Delta is basically a fresh-water environment, whichsystems, and about 70 percent are privately owned by
serves as a migratory route and nursery area for chinookmore than 150 duck clubs. The California DFG owns and
salmon, striped bass, sturgeon, American shad, and steel-manages 14,000 acres. Another 1,400 acres on the channel
head trout. Numerous resident warmwater fish include islands is owned by the federal government.
catfish, sunfish, and minnows. White catfish are heavily
fished by anglers casting from the banks. Waterfowl are the marsh’s major wildlife. Ducks, geese,

swans, and other migrant waterfowl use the marsh as a
The Delta also supports many animals and birds in the ri-feeding and resting area. As many as 25 percent of Call-
parian and upland habitats. The Delta contributes aboutfornia’s wintering waterfowl inhabit the marsh in dry wirt-
20 percent of the pheasant population taken by Californiaters. The marsh also supports 45 species of mammals, 15
hunters each year. The area also serves as a feeding andspecies of reptiles and amphNians, and 230 species of
resting area for millions of ducks, geese, swans, and otherbirds. Two endangered species, the salt marsh harvest
migrant waterfowl, mouse and the California clapper rail; one rare species,

Ten listed rare, threatened, or endangered vertebratethe California black rail; and one species being proposed

species are known to live in the Delta, but none is con-for protection, the Suisun song sparrow, probably occur in

fined exclusively to that area. Six are birds--the baldthe Marsh.

eagle, American peregrinefalcon, Swainson’s hawk, Call-Most fish in marsh channels are striped bass. Other
fornia black rail, Aleutian Canada goose, and Californiaanadromous species sometimes found in the marsh in-
yellow-billed cuckoo. Two are mammals--the saltmarshclude Chinook salmon, sturgeon, American shad, and
harvest mouse and the San Joaquin kit fox. One--the gi-steelhead trout. The marsh is also an important nursery
ant garter snake--is a reptile, and one--the winter runarea for striped bass. Catfish also support a sport fishery.
Chinook salmon--is a fish. There are three endangered
or threatened invertebrate species in the Delta: the ValleyWaterfowl are attracted to the marsh by the water and the
elderberry longhorn beetle, Lange’s metalmark butterfly,abundance of natural food plants, most valuable of which
and the Delta green ground beetle. Twelve rare or endan-are alkali bulrush, fat hen, and brass buttons. Growth of
gered plant species, most of which are associated withsuch plants depends on proper soil salinity, which is af-
fresh water marshes, can also be found in the Delta. fected by salinity of applied water. Freshwater flows from

the Delta into Suisun Bay and Marsh channeis from Octo-A complete list of Delta plant and animal species is con-
tained in Sacramento/San Joaquin Delta Wildlife Habitat
Protection and Restoration Plan, California DFG and U. S.
Fish and Wildlife Service, December 1980.

The Delta’s abundant water, fish, wildlife, cultural, and                                                  -
historical resources make it a major recreation area.
There are about 20 public and more than 100 commercial
recreation facilities in the Delta. Demand for and use of
these facilities continue to grow.

Suisun Marsh

Suisun Marsh, one of the few major marshes remaining in
California, is at the northern edge of Suisun Bay, just west
of the confluence of the Sacramento and San Joaquin riv-
ers and south of the city of Fairfield. The primary man- Migrating Birds
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ber through May affect marsh salinities and waterfowl streams often have very little flow during mid- or late
food production, summer.

The Suisun Marsh is protected by several standards,Nine counties surround the San Francisco Bay: MaNn,
agreements, and facilities. Among them is Water RightsSan Francisco, San Mateo, Santa Clara, Alameda, Contra
Decision 1485, which requires the SWP and CVP to miti-Costa, Solano, Napa, and Sonoma. In 1987 the Bay area
gate their impacts on the marsh by meeting specific start-became the fourth largest metropolitan area in the
dards for the Sacramento River at Collinsville and sevenUnited States. The total 1988 population was about 5.8
other stations in the marsh. As allowed by Decision 1485,million and is projected t° reach 6.2 million by 1995 and
facilities have been constructed to provide water from in- 6.7 million by 2005.
ternal channels to certain wetland areas. In addition,
DWR, Reclamation, the DFG, and the Suisun ResourceWater requirements in the Bay area are met by 1) local

Conservation District signed a Suisun Marsh Preservationsurface and ground water supplies, and 2) imported sur-
Agreement in 1987 to assure that a dependable water sup-face water. The conveyance systems that bring the area
ply will be maintained in the marsh to produce duck foodthe majority of its water are: Hetch Hetchy, South Bay,
and to preserve other habitat. North Bay, Mokelumne, Petaluma, and Santa Rosa-

Sonoma aqueducts; Contra Costa and Putah South ca-
San Francisco Bay Area nals; Cache Slough Conduit; and the San Felipe Project.

More than 60 percent of the water is imported from Delta
San Francisco Bay--including Suisun, San Pablo, Central,supplies.
and Southbays--extends about 85 miles from the east end
of Chipps Island, near the city of Antioch westward and The bays and surrounding lands support a wide variety of
southward to the mouth of Coyote Creek, near ~he city offish, migratorybirds, and mammals. The anadromous spe-
San Jose (Figure 4-4). The Golden Gate connects Sancies of fish include Chinook salmon, striped bass, stur-
Francisco Bay with the Pacific Ocean. geon, American shad, and steelhead trout. Marine fish,

found mainly in the lower bays, include flatfish, sharks,
The surface area of San Francisco Bay is about 400 squareand surf perch. Shell_fish in the San Francisco bays include
miles at mean tide, about a 40 percent reduction from itsmussels, oysters., clams, crabs, and shrimp. Seasonal vari
original size. The reduction is due to fill. Most of the Bay’s
shoreline has a flat slope, which causes the intertidal zone
to be relatively large. The volume of water in the bay
changes by about 21 percent from mear~ higher-high tide
to mean lower-low tide. The depth of the bay averages 20
feet overall.

The principal source of fresh water in San Francisco Bay is
outflow from the Delta. Delta outflows vary greatly ac-
cording to month and hydrologic year type. Historic Delta
outflow has dropped to zero during critically dry periods
such as 1928 and 1934. Present summer Delta outflows are
maintained by upstream reservoir releases. Although an-
nual Delta outflow has averaged 24 MAF from 1977 to
1986, it has varied from less than 2.5 MAF in 1977 to more
than 64 MAF in 1983.

Other significant sources of fresh-water inflow to San
Francisco Bay are Alameda Creek, Napa River, Petaluma
River, Coyote Creek, Guadalupe River, Walnut Creek,
and Sonoma Creek. These tributaries make up a total av-
erage annual inflow of about 350 TAF. Streamflow is
highly seasonal, with more than 90 percent of the annual CityofSan Francisco
runoff occurring during November through April. Many
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ations in salinity in the bays, due to varying Delta out-and .milling residues to form timber byproducts are lo-
flows, affect the seasonal distribution of fish and inverte-cated throughout the valley. Other industries are engaged
brates.

Several rare and endangered animal species found in thein extraction or mining and production of natural gas, clay,
area include the Alameda striped racer, salt marsh bar-limestone, sand, gravel, and other minerals.
vest mouse, San Francisco garter snake, California clap-Water resources in the valley have been developed exten-per rail, California black rail, and California yellow billed

¯ cuckoo, sively for a wide range of purposes. Water is also imported
into the valley from the Truckee and Cosumnes rivers and

Mild temperatures and brisk winds make San Franciscofrom the Trinity River Division of the CVE The first two
Bay one of the world’s favorite recreational boating areas, importations are small, but the third is substantial.
More than 150,000 recreational boats were registered inThe environment in the estuary is directly affected by in-
the Bay Area in 1987. Other water-oriented recreation in- dustrial and agricultural growth in the Sacramento Valley
cludes sight-seeing, picnicking, fishing, nature walking,and the accompanying reduction in both quantity and
and camping,                                       quality of water flowing into the Delta. Several species of

Sacramento Valley                   anadromous fish, including the endangered winter-run
Chinook salmon, migrate through the Delta to u~e Sacra-
mento Valley streams for spawning.The Sacramento Valley encompasses the drainage areas

of California’s largest river, the Sacramento. Valley landsEight terrestrial habitat types are found within the Sacra-
comprise the western drainage of the Sierra Nevada andmento Valley, including coniferous forests, hardwood for-
the Cascade Range, the eastern drainage of the Coastests, chaparral and mountain brush, pinion and juniper,
Ranges, and the valley floor (34percent of the basin). Thegrass and forbs, desert shrubs, cultivated and pasture
overall valley includes the McCloud and Pit rivers basins,lands, and barren ground. Interspersed with the terres-
the portion of Goose Lake Basin within California, andtrial habitats are four aquatic habitat types: the Delta, ri-
the American River and Putah Creek drainage. Other parian, marshland, and open water. These habitats sup-
major river basins are those of the Feather, Yuba, andport hundreds of species of mammals, amphibians,
Bear rivers (which flow from the Sierra Nevada) and Cot- reptiles, birds, and plants, including rare and endangered
tonwood, Stony, and Cache creeks (which drain the Coastspecies.
Ranges).

For more information on plant and animal life in the Sac-
Ground water is pumped from 21 principal basins, most oframento Valley, see the Water Quality ControlPlan Report
which underlie the valley floor. The safe ground water for Basins 5A and 5B, State Water Resources Control
yield is about 1.6 MAF per year, and the annual overdraftBoard (1975)..
is about 140 TAF.

San Joaquin Valley
The 1985 population for the Sacramento Valley region ex-
ceeded 1.8 million. Urban areas include Sacramento,The San Joaquin VaIIey, the largest single block of irri-
West Sacramento, Redding, Chico, Davis, Placerville,gated land in California, comprises two hydrologic re-Woodland, Roseville, Yuba City, Auburn, Marysville, gions: the San Joaquin River and Tulare Lake. The San
Oroville, Willows, Red Bluff, Quincy, Nevada City, and Joaquin River Basin, Iocatedjust south of the Sacramento
Alturas. River basin, comprises the northern part of the San Joa-

quin Valley, whereas the Tulare Lake Basin, essentially a
Agriculture (primarily irrigated) is the major economic closed basin, comprises the southern part of the valley.
activity in the Sacramento Valley and surrounding foot-
hills. Industrial activity is closely allied with agricultureThe San Joaquin River basin portion of the valley is
and, more recently, with national defense. Populationdrained by the San Joaquin River, which flows into,the
growth has given rise to many service industries. Lumber- Delta and San Francisco Bay. Principal tributaries of the
ing and timber industrial installations are centered in theSan Joaquin River include the Stanislaus, Tuolumne,
Sierra Nevada, Cascade Range, Modoc Plateau, and aMerced, ChowchilIa, and Fresno rivers, alI originating in
porti0n of the Coast Ranges. Plants that ~rocess loggingthe Sierra Nevada. In the Delta, the Cosumnes,
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Mokelumne, and Calaveras rivers--which also originateban areas include Fresno, Bakersfield, Visalia, and Mo-
in the Sierra become part of the San Joaquin River be-desto.
fore it joins the Sacramento River.

Water to the valley from the Sierra Nevada is limited and
These Sierra streams provide the northern part of the Santhere is an annual overdraft of ground water. Imported
Joaquin Valley with high-quality water and most ofitssur-water, generally ranging from 200 to 500 mg/1 total dis-
face water supplies. Most of this water is regulated by res- solved solids, is used mainly on the west side. Water used
ervoirs and used on the east side of the valley, but some ison the east side is generally of better quality than that
diverted across the valley to the Bay area via theused on the west side and in the valley trough areas. In
MokelUmne Aqueduct and the Hetch Hetchy Aqueduct. most parts of the valley, irrigation water is reused at least
The streams flowing into the valley from the west are in- once, and water quality worsens progressively with each
termittent, often highly mineralized, and contribute littlereuse.
to water supplies.

Types of habitat in the San Joaquin Valley are similar to
The Tulare Lake Basin, at the southern half of the Santhose of the Sacramento Valley. More information on
Joaquin Valley, comprises the Kings, Kern, Tule, andplant and animal life in the San Joaquin Valley is con-
Kaweah river basins. These four rivers drain westward tained in the Water Quality Control Plan Report for Basins
from the southern Sierra Nevada and terminate in the5B, 5C, and 5D, State Water Resources Control Board.
Tulare Lake or Buena Vista Lake beds. Dams on each of
these rivers provide flood control and water supply for SVV’P Service Areas
ground water recharge and for urban and agricultural

The 30 long-term water supply contractors of the SWPUSES.
are organized into six service areas: Feather River, North

The valley’s long growing season~ mild and semi-arid cli-Bay, South Bay, Central Coast, San Joaquin Valley, and
mate, good soils, and available water provide conditionsSouthern California (Figure 4-5). These areas vary widely
suitable for a wide variety of crops. Major crops include in size, location, climate, and population.
cotton, grapes, tomatoes, hay, sugar beets, and various or-

The Feather River service area has area-of-origin priori-chard and vegetable crops. Agriculture and closely re-
lated industries provide the economic base that supports aties for SWP supplies. The other service areas are de-

large and growing population. The population in the val-scribed briefly in this section. Detailed environmental and

Icy grew from 1.7 million in 1970 to 2.5 million in 1985. Ur- socioeconomic profiles of these areas may be found in thd
SWP Service Area Impact Study, May 1985.

North Bay Service Area

The North Bay service area is located at the northern end
of San Francisco Bay. Napa and Solano counties make up
the total service area and encompass 1.1 million acres.
About 64,000 acres were in urban use in 1980.

An estimated 95,000 people live in Napa County, primari-
ly in the Napa Valley communities. The population of
Solano County is about 303,500 and is distributed among

~: .:,:
seven cities and scattered rural areas. The California ~De-

%.~.. ~_~o:.g, partment of Finance has projected that Solano County

~ ~ population will grow 10 percent between 1988 and 1990.

.......’~!i~ ,~ Napa County is well known for its production of wines and
~ ,. :~ . :-~.~! brandies. There is also a substantial livestock and dairy in-

: ~ ,:, ..~@~ dustry. Solano County agriculture centers on field crops,
,~.: ~ . with substantial values of fruit and nut crops and a signifi-

cant livestock industry. Heavy water-using industries in-
Agriculture in the San Joaquin Valley clude two meat packing companies and a cannery in

84

C--071 21 7
C-071101.118



Annual
Location Entitlement

No. Con~ng ~en~ (acre-feet)

~PER F~THER ~

Ci~ CI~ 9,6001
2 Coun~ of Bu~ 27,500
3 ~um~ Coun~ Flood Con~ol and

Wa~r Conse~on Dls~[~ 2,700

Sub~! . 39,800

NORTH ~Y~

4 Napa Coun~ Flood Con~l ~d W~r
Consewafion Di~ 25,000

5 Solano Coun~ Flood Con~ol and
Wa~r Consolation Dis~i~ 42,000

Sub~l 67~000

SO~ BAY ~

6 ~eda Coun~ Flood Con~ol and
Wa~r Consolation Di~i~ Zone 7 46,00~

7 ~ameda Coun~ Wa~r Di~i~ 42,000
8 San~ CI~ V~I~ Wa~r Di~ 100,000

~ JOAQ~N V~LEY ~

9 CounW of gin~ 4,000
10 Devil’s Den Wa~r Distri~ 12,700
11 Dudley Ridge Water Dl~i~ 57,700
12 Empire We~ Side I~igation Di~ 3,000
13 Kern Coun~ W~r ~enw 1,153,400
14 O~ Flat Wa~r Di~i~ 5,700
15 ~lare L~e B~ln W~r S~e Di~ 118,500

CENT~ CO~T~ ~

16 San Luis Oblspo Coun~ Flood Con~ol
and Wa~r Consolation DisUi~ 2~,000

17 San~ Barba~ CounF Flood Con~ol and
and Wa~r Consolation DI~ 45,486

SO~HE~ C~IFORN~

18 ~lelope Valley-E~ Ke~ Water ~en~ 138,400
19 Cas~ic L~e Wa~r ~enw 41,500
20 Coachella Valley Water Distri~
21 Cre~ine-L~e ~mvhead Wa~r ~en~ 5,800
22 Dese~ Water ~enw 38,100

24 Mo~ave Water ~en~ ~0,800
25 ~lmdale Wa~r District 17,30~
26 San Be~ardino Valley Municipal

Water Dt~ri~ 102,600
27 San Gabriel Valley Municipal

Wa~r Dis~ict 28,800
28 San Gorgonio P~s Water ~enW 17,300
29 The Me~opoli~n Waier Dis~ri~ of

Southern California 2,011,500
30 Venmra Coun~ Flood Control Dis~i~ 20,000

Sub~l 2,497,500

TOT~ STATE WATER PROJECT 4,217,786

Figure 4-5. SWP Service Areas and Contracting Agencies
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Dixon, a refinery in Benicia, a brewery in Fairfield, and .counties. Migrating waterfowl use the marshes as stop-
two food processors in Vacaville. Two major defense facili- overs and winter habitat.
ties are located in the region: Mare Island Naval Shipyard
and Travis Air Force Base.Napa County’s water supply South Bay Service Area

comes from the North Bay Aqueduct, several smallreser- The South Bay service area includes portions of Alameda
volts, and a number of springs and wells, and Santa Clara counties around the southern half of San

Sources of water for Solano Countyinclude the North BayFrancisco Bay. Alameda County has some natural runoff
~ from Alameda Creek, but only Santa Clara County has

Aqueduct, surface water from Lake Berryessa--the prin- significant surface water supplies.
cipal storage facility of the federal Solano Project-- Lake
Solano, and several small reservoir and stream projects,In this service area, ground water basins have been inten-
plus ground water, agricultural return flows, and re-sively developed for domestic, industrial, and irrigation
claimed waste water, uses and have been overdrawn, with resultant sea-water

intrusion and land-subsidence problems. Extensive re-
North Bay Aqueduct water delivered to Napa County is charge programs using local and imported water supp!ies
used in the city of Napa and by exchange in American
Canyon, Yountville; and Calistoga. Deliveries to Solanohave allowed substantial recovery of the ground water ba-
County supply municipal and industrial uses in five cities:sins. Water is imported from the Tuolumne River via the
Benicia, Fairfield, Suisun, Vacavflle, and Vallejo. Hetch Hetchy Aqueduct, and from the Delta via the

South Bay Aqueduct and the San Felipe Project.
A major restriction, on the use of ground water, particu-
larly for municipal and industrial needs, is the variableCounties in the South Bay service area encompass

and uncertain quality in both counties. In Napa County,1,184,000 acres. About 305,000 acres were in urban use in
ground water quality is generally poor north of St. Helena1980. The 1986 population was 1,638,000.

and south of Napa. Because most of any additional de-The South Bay is Northern California’s leading business
mand for water in Napa County would be for municipal center. The economy of the area is diversified, with manu-
and industrial use, whete both quality and quantity arefacturing, commerce, services, and government sectors
crucial, ground water will probably continue to be used asemploying significant numbers of people.
a supplemental local source, mainly for agriculture. In any
case, usable ground water storage capacity is restricted toHistorically, Santa Clara County’s economy was domi-
the area between Napa and St. Helena, and the safe yieldhated by agriculture. However, the rapid urban develop-
is currently overdrafted, ment of the county has displaced much of the farming,

which is now carried out in the less populated southern
Solano County contains two major ground water basins--part of the county.
Putah Plain a_nd Suisun-Fairfield Valley--and several
smaller basins. Most ground water supplies are used forSome rare or endangered species exist in the marshes in
irrigation, although Vacaville, Rio Vista, and Dixon rely and around San Francisco Bay. Their habitat has been sig-
on ground water for domestic supplies, nificantly reduced by bay filling and diking. Undisturbed

areas are now protected by various State, federal, local,
Principal native plant communities include hardwood for-and private interests.
est, chaparral, blue oak and.digger pine forest, grassland,Central Coast Service Areariparian habitat, and marshlands. The prairie grasslands
are now mostly cultivated, but dense and varied riparianThe Central Coast Service area, consisting of San Luis
vegetation still exists along most rivers and streams. TheObispo and Santa Barbara counties, encompasses about
marshes are mostly in the south-central portion of Solano3.9 million acres. Service to this area involves construction
County and the southern portion of Napa County. In addi-of Phase II of the Coastal Branch of the California Aque:
tion to the principal plant communities, unique flora oc-duct. The Phase II facilities will transport up to 70,486 AF
cur in vernal pools in the Jepson Prairie area of Solanoof water to the area. The 70,486 AF peryear (AF/YR) rep-
County. ~. resents current entitlements held by San Luis Obispo and

Game fish abound in the Sacramento River and in the saltSanta Barbara counties; however, Santa Barbara County
and brackish water marshes on the borders of the two-has the option to buy back an additional 12,214 AF/YR of
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SWP water. Alternative route studies for the pipeline are San Joaquin Valley Service Area
completed. An environmental impact report and an ad-
vance planning study are scheduled for completion inThe San Joaquin Valley service area, which occupies the

September 1990. The two counties will use those reportssouthern part of the San Joaquin Valley, is situated pri-

in deciding whether to construct the facilities, manly in Kern and Kings counties and includes a very
small area in Stanislaus County.

The Santa Ynez, Santa Maria, and Salinas rivers consti-This service area is in one of the most productive agricul-
ture the major drainages of the Central Coastal servicerural regions in California. In part of the area on the west
area. Dams and canals have been constructed on thoseside of the valley, the quantity and quality of ground water
rivers to conserve runoff. No water is imported into the supplies are poor, and local surface streams are practically
area. Ground water is the main source of water supply,nonexistent. With water, however, and the favorable cli-
Over-use of the ground water resources has led to over-mate, much of the area is conducive to production of a
drafting and water-quality problems in some locations,wide variety of orchard, vineyard, and truck and field
such as the Santa Maria Valley and southern coastal Santacrops. The two major river drainages in the service area
Barbara County. are the Kings and the Kern.

Vast amounts of good quality ground water in the south-Total population in San Luis Obispo and Santa Barbara
ern end of San Joaquin Valley provide the major watercounties grew from 103,700 in 1940 to 540,000 in 1987.

Santa Barbara County is the larger of the two counties,supply for this service area. A large portion of the SWP
service area in the San Joaquin Valley overlies the inten-The economy of this area depends on agriculture and re-

lated activities. In the coastal lowlands, there is consider-sively developed San Joaquin Valley ground water basin.
The basin extends from the Delta to the Tehachapi Moun-able high-value fruit and vegetable farming. In the drier
tains: Parts of the basin have been in overdraft since thelowlands, inland from the coast, livestock and dry-farmed

grains are produced. Manufacturing is limited, but heavy1920s, resulting in land subsidence, increased pumping

water-using industries--such as petroleum production,
lifts, and water quality problems.

food processing, and stone, clay, and glass products--areWater is imported to the southern San Joaquin Valley via
present. Some mining and milit.ary installations also con-the Friant-Kern Canal (CVP) and by the SWP. CVP water
tribute to the region’s economy. Recreation and retire-is also transported through the California Aqueduct to
ment activities are increasing in the ,coastal communities.Kern County under an agreement between Reclamation

and the State of California:
The agricultural preserve program, under the Williamson
Act, has helped limit urbanization of agricultural lands inThe San Joaquin Valley service area is generally arid,

Santa Barbara County. Land committed to public put- sparsely populated, and characterized by large farms. In

poses includes Vandenberg Air Force Base, Los Padres1986, the population in the San Joaquin, Valley service

National Forest, and other U. S. Forest Service land. area was 576,850.

Agriculture and the oil industry are the primary economic
Much of the natural vegetation in the two counties re- activities in this region. Crops raised in the San Joaquin
mains relatively undisturbed. Those areas that have beenValley service area include alfalfa, barley, safflower, sugar
developed have mainly been the valleys, a11uvial fans andbeets, fruits, vegetables, nuts, cotton, sweet potatoes, can-
plains, and terraces, taloupe, and grapes. Beef cattle, dairy products, and poul-

try are also significant. Other sources of income include
Due to the wide variety of plant communities in the area,manufacturing, trade, services, and governmenL
animal populations are extremely diversified. Some ~of theDespite substantial variations in annual SWP deliveries,
more common animal species, which occur in most corn-total irrigated acreage in the service area does not nor-
munities throughout the service area, include the mourn-mally fluctuate. Farmers rely heavily on ground water
ing dove, the red-tailed hawk, the white-crowned spar-pumping in dryyears and local surface water diversions in
row, the side-blotched lizard,, and the westernwet years to maintain the same irrigated acreage.
rattlesnake. Because of the overlap between the northern
and southern floristic elements, many rare and endan-Details on crop production values, crop labor require-
gered species inhabit the Central Coastal service area: ments, and employment and economic trends in thisarea
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are available in DWR Bulletin 132-88, Appendix F,. San 160 TAF led to sea-water intrusion problems in some ar-
Joaquin Valley, Post-Project Economic Impact, 1986 and eas along the coast. Sea-water barrier and artificial re-
1987, December 1988. charge programs have been developed to correct these

situations.
Much of the native vegetation in the service area has been
replaced by introduced species or disturbed by cultivationIn Ventura and Los Angeles counties, some SWP supplies
or grazing. Major natural vegetation classes found withinare released into natural stream channels. Piru Creek, a
the valley include grassland, sagebrugh shrub, coastaltributary to the Santa Clara River, serves as a conveyance
shrub, and hardwood forest-woodland, to Ventura County users. In Los Angeles County, SWP

water is released into Gorman Creek for recreational use
Despite the conversion of much of the area to agriculturalas part of the Hungry Valley recreational area. Additional
uses, the wildlife populations of the service area remainopportunities exist for strearrfflow augmentation where
extremely diversified. Sizable populations of wildlife canthe East Branch of the California Aqueduct crosses natu-
be found in the fringe areas of the service area. Most na- ral streams.
tive fish populations, however, have been eliminated by
drainage projects and modifications of natural water-Supplemental water is being imported from three
courses. They are now confined to farm ponds, drainagesources:
canals, and aqueducts.

¯ Los Ange.les Aqueduct from the Owens Valley and
Two animals whose native habitats ~have been reduced Mono Lake Basin, on the east side of the Sierra Ne-
considerably by agricultural development are the endan- vada, t0 the city of Los Angeles;
gered blunt-nosed leopard lizard and the San Joaquin kit¯ Colorado River via the Colorado River Aqueduct;fox. Recovery plans have now been prepared for both spe-
cies. These are described in Blunt-Nosed Leopard Lizard and

Recovery Plan, Blunt-Nosed Leopard Lizard Recovery ¯ SWP.
Team, January 1980 (draft), and San Joaquin KitFoxRecov-
ery Plan, Thomas P. O’Farrell, U. S. Fish and Wildlife Many water quality problems exist in this service area. In
Service, Endangered Species Program, 1983 (draft). the coastal area, thermal discharges from electrical gen-

eration plants and nutrient overloading of streams cause
Southern California Service Area local problems. In the desert areas, the problems are

more general and relate to increasing salinity of both
The Southern California service area includes Ventura,ground water and lakes such as the Salton Sea.
Los Angeles, and Orange counties and parts of San Di-
ego, Riverside, Imperial, San Bernardino, and Kern coun-The quality of imported water ranges from less than 220
ties. mg/1 total dissolved solids for SWP supplies to 750 mg/1

for Colorado River water. In some areas, SWP water is
There are no major rivers in the desert plateau region ofblended with imported Colorado River water to provide a
this service area. The intermittent streams that flow from better overall quality.
the mountains primarily percolate into ground water ba-
sins. A limited surface water supply has been developed,Land use in the Southern California service area has
and most local water supplies are fully used: In the coastalchanged dramatically since the early part of the century,
portion of the basin, most local surface supplies have beenwhen the citrus industry dominated the economy. Several
developed for flood control, ground water recharge, andfactors have led to the changes: discovery of oil, construc-
water supply, tion of the Los Angeles and Colorado aqueducts, increase

of port facilities to accommodate shipping and trade
Ground water supplies a significant portion of the waterinbrought about by the Panama Canal, location of the llth
this service area. The South Coastal hydrologic basin,Naval District in San Diego, the movie and entertainment
which encompasses this service area, has at least 44 majorindustry, and location of heavy industry (especially air-
ground water basins. Although further development iscraft and ship building). Together, these factors have
possible in a few local areas, some of the basins have beencaused a shift from agricultural to urban and suburban de-
over-used. In 1974, an annual ground water overdraft ofvelopment.
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Since the 1940s, Southern California has changed from aareas is presented in the previous discussions of the Sacra-
largely rural lifestyle with an agricultural economy to a mento and San Joaquin valleys.
highly urban-industrial society. The estimated population
in 1986 was over 15 million. The rapid economic growthAt present, Reclamation has contracted to deliver about
that Southern California experienced during the 1950s8.6 MAF of CVP water, including the sale of interim
and 1960s has slowed, but diversification of the economywater. (This includes water for Contra Costa County and
continues. This region is the State’s leading center ofbusi-from Millerton Reservoir.) CVP water supply contracts
ness. Southern California contains the State’s largest con-have build-up provisions identifying periods during which
centration of manufacturing activity, particularly the the contractors may use less than their full entitlement. In
aero.space industry. Other major industries include petro-1985, the CVP delivered some 7.4 MAF. Reclamation es-
leum, fabricated metals, chemical production, food proc-timates that, by 2020, nearly all the contracted amount of
essing, and paper production, water will be delivered each year.

In the coasti~l areas of Southern California, agriculture re-The CVP provides water to over 2.8 million acres of agri-

mains important economically, despite urbanization,cultural land. Crops grown on California lands irrigated

Farms generally produce high value crops on small irri-by the CVP had a gross value of about $2.4 billion in 1981.

gated parcels. Agriculture is also important in the Colo-
rado Desert, especially in the Coachella and Imperial val-In addition to irrigation water, the CVP provides water for

leys. Livestock, field crops, truck crops, sugar beets, andmunicipal and industrial use. Nearly 193,000 AF of water
was delivered for such uses in 1985. The largest share ofcotton are important. Poultry, livestock, and field crops

are produced in the Mojave Desert. this water was delivered through the Contra Costa Canal,
as described in the next section. The cities of Redding,

While some of the naturally occurring vegetation in theRoseville, Placerville, Sacramento, Fresno, and Coalinga

Southern California service area has been altered signifi-also receive all, or a portion of, their water from the CVP.

cantly by urban and agricultural development, a large part
Contra Costa water District Service Areaof the region (mostly uplands) retains its native cover. The

principal vegetation includes chaparral, scrub, grassland,
woodland, and forest. The Contra Costa Water District Service Area, shown on

Figure 4-7 is in transition from a rural area to an area

The Southern California service area supports a great di-dominated by suburban and commercial development. In

versity of wildlife. The diversity of habitats available in the the 1940s, when the Contra Costa Canal came on line as

area, Combined with the impacts of a rapidly developingthe first unit of the CVP, 38 percent of the water conveyed

human population, has resulted in a large number of rarewent to agriculture and 62percent to municipal and indus-
trial users. Today, the latter receives 95 percent of theand endangered plant and wildlife species. Steps have

been taken to preserve habitats that have unique biologi-water, with only 5 percent going to agriculture. The

cal significance. One endangered fish, the unarmoredcounty ranks second after Los Angeles among California
counties for total fresh water use.three-spine stickleback, occurs in the service area but is

no longer found in the Los Angeles, San Gabriel, andA diversity of industry is located in the county. With itsSanta Ana rivers. The fish population in the,Santa Clara
miles of waterfront--linking ocean, river, and overlandRiver is threatened by increased recreational use and de-transportation facilities--the a~ea offers many advan-velopment,
tages to heavy industries requiring large supplies of cool-
ing and processing water, large land areas, and access to a

CVP Service Areas                   deep-water ship channel. Major industry groups in the

county requiring the greatest amounts of water are petro-
The CVP service areas extend for some 430 miles throughleum and coal products, paper and allied products, chemi-
much of California’s Central Valley, from Clair Engle and̄  cals and allied products, primary metal industries, and
Shasta reservoirs in the north to Bakersfield in the southfood and related products. Presently, the exceptionally
(Figure 4-6). The CVP service areas also include the Sanhigh water needs of the petroleum refineries are largely
Felipe Unit, which is located in the adjacent coastalvalley,met with brackish supplies from the south shores of San
Much of the environmental setting in the CVP servicePablo and Suisun Bays.
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Today, Contra Costa Water District provides for the mu- The growing trend toward municipal water use increases
nicipal water needs of about 300,000 county residents. Ofthe need for both improved water quality to meet State
the nine Bay area counties, Contra Costa is projected toand federal standards and improved system reliability to
experience the most rapid future population growth, meet peak water demands.
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CHAPTER 5. ENVIRONMENTAL IMPACTS

This chapter analyzes potential environmental impactsMathematicalmodeling of Delta hydrodynamic and water
from implementation of the North Delta Program (NDP). quality conditions were used to evaluate potential NDP
The analysis includes potential short- and long-term ira-impact on Delta flows, stages, velocities, and salinities.
pacts of the NDP on a broad range of physical, chemical,Hydrodynamic modeling with the DWR/RMA model was
biological, and socioeconomic factors. The analysis in-used to evaluate the relative effectiveness of a wide range
cludes direct impacts on the Bay-Delta complex, as wellof alternatives in reducing reverse flow. Subsequently,
as indirect impacts on SWP service areas and other partshydrodynamic and water quality modeling with the Fis-
of the State affected by SWP operations, chef Delta model was used to evaluate hydronamic water

quality and fishery impacts. Appendix C consists of the ira-
Fishery biologists and environmental specialists of theportant assumptions and results of the mathematical
Department of Water Resources (DWR), the U.S. Bu- modeling conducted in support of the NDP. Documents
reau of Reclamation (Reclamation), the Department of describing the mathematica! models in more detail, along
Fish and Game (DFG), and the U.S. Fish and Wildlifewith their verification, are available for viewing at DWR.
Service (USFWS) assisted in formulating and evaluating
incremental impacts of the NDP. Habitat Evaluation Pro- Mathematical modeling of water levels, flows, velocities,
cedures (HEP), which have been standardized, were als0and salinity in the Delta channels has greatly aided water
used in the evaluation. Where more information was re-resources planning of the Delta. However, some care is
quired, additional field studies were also conducted, required when interpreting the results of such modeling.

The mathematical modeling conducted to aid in the eval-
During preparation of this EIR/EIS, coordination be-.uation of potential environmental impacts caused by the
tween local, State, and federal agencies has been exten-NDP was generally not intended to provide absolute pre-
sive. Local land owners have been contacted, and theirdictions of future Delta hydrodynamic and salinity condi-
concerns have been considered, tions. Results of mathematical modeling of Delta condi-

tions under the various alternative actions are often inter-
Four types of engineering studies were used to evaluatepreted in terms of the direction and relative magnitude of
impacts: 1) Flood hydrology and hydrodynamic studies us-changes in such variables as water flows and salinity. For
ing the National Weather Service DWOPER (network this reason, the al?alysis of how the NDP may affect Delta
option model and the HEC-1 model; 2) water supply stu-water levels, flows, velocities, and salinity was based pri-
dies using the DWRSIM model were conducted, based onmarily on how the values of these parameters changed un-
57-year historic hydrology from 1922 to 1978, in whichtier the preferred alternative and other alternatives with
SWP demands were assumed to be 3.8 million acre-feetrespect to the base No-action alternative.
(MAF); 3) Delta hydrodynamics studies using the DWR/
RMA Model and water quality studies using the Basic assumptions used for the No-action alternative
DWRDSM; and 4) long-range studies used to evaluate(base case) and other alternatives, including the preferred
project energy and capacity requirements, based on me-alternative, are listed in Appendix C.
dian water supply conditions and gradually increasing
project demands. Much of the Delta modeling results in Appendix C and in

this chapter are therefore provided in terms of changes or
The water supply studies were used to evaluate potentialimprovements in water levels and salinity when compared
contributions of the NDP to SWP reliability. Contribu- to the No-action alternative.
tion of the project to the dry-period delivery capabilityThe analysis in Chapter 6 assumes SWP demands exceed-was based on the system’s performance during the histori-ing 3.8 MAF. The cumulative impact review in Chapter 6iscal critical period 1928 through 1934. Results of this study

broader in scope, and more general than the impact evalu-were used in both the economic analysis of the project andation in this chapter.
the service area impact analysis. Water supply studies
were also used to develop hydrologic conditions for whichThis chapter concludes with a summary of significant op-
DeIta water quality and hydraulic conditions could be as-erational impacts under the preferred alternative, mitiga-
sessed, tion options, temporary impacts, and other information
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Table 5-1
Summary, of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Environmental Assessment Measures

Rare, Threatened, & The project will not be operated or constructed in violationParticipation in the recovery team for
Endangered Species of the Endangered Species Act. Improved flood control canwinter-run salmon. Study coordina-

protect Delta lands as foraging habitat for the Aleutian Can-tion for Delta smelt. Possible devel-
ada Goose, greater sandhill crane. Swainson’s Hawk habitatopment o£ nesting habitat for
will be protected. Swainson’s Hawk.

Resident Fish Various species Of game and non-game resident fish will Habitat will be improved by creating
have increased direct impacts, ranging from 1% to 10%. added shoreline with vegetation.

Fish Food Resources Reduction in reverse flow will benefit Neornysis. More D-1485 and sub~equent protection
Sacramento River water with low plankton densities will standards. Interagency ecological
flow into the Del~a. study program; existing and new fish

protection agreements.

Suisun Marsh Effectiveness of existing physical protective facilities and Continued development of planned
existing agreement will not be impacted by small outflow physical improvements and analysis
changes, of operational procedures from on-

going monitQring program.

Construction Environmental impacts will be short term with no significantCal-OSHA regulations; State and
long-term impact. Utilization of local construction work federal dredging permits; use of flag-
forces will preclude other housing and services impacts, men; dust control; replanting vegeta-
There will be some increase in noise, dust, truck traffic, andtion.
turbidity; disturbance of vegetation; minor disruption of
Services (cables, gas lines, etc.) and some minimal recrea-
tional inconveniences.

Delta Outflow Some operational changes will decrease Delta outflow duringD-1485 and subsequent protective
controlled flow conditions and will ha~e minor impact on outflow standards. Existing and new
the environment. These same changes will reduce reversefish protection agreement. Coordi-
flow and provide some environmental benefits. Improvednated Operation Agreement.
upstream fresh water storage will be available to provide op-
erational flexibility to control salinity and meet water needs.

Delta Outflow Pulses Minor decrease in number of pulses with unknown impact.DWR funding contribution to the
San Francisco Bay Study.

Cross-Delta Flow Increase in Cross-Delta flows will have some impact to Planned construction of a large fore-
salmon smolts and striped bass eggs and larvae due to diver-bay will provide flexibility for gate
sion from the Sacramento River. closures during periods of peak

abundance. Also, possible installation
of gates on Georgiana Slough will be
investigated.
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Table 5-1 (Continued)
Summary of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Environmental Assessment Measures

Local, Municipal and Possible future water quality improvements to the Contra "D-1485 and subsequent protective
Industrial Use Costa Cnal with reduced reverse flow..Reduced days of standards; various industrial water

availability of offshore supply, supply contracts; planned provisions
to interconnect CCC to Clifton Court
Forebay.

Drinking Water Quality Reduced total dissolved solids, chlorides, bromides, and D-1485 and subsequent protective
THM formation potential, standards; EPA and California

Department of Health Services
drinking water standards; SWP con-
tract objectives and Delta Health
Aspects monitoring.

Agriculture Use of approximately 1,040 acres of prime agricultural landDelta Protection Act, north and
to construct levees, berms, and channels. Improved flood south water agency contracts; tem-
protection for agricultural lands, porary and drought emergency facili-

ties; flood protection programs.

Water Supply Reliability Improved reservoir operations can provide more than D-1485 and subsequent protective
200,000--400,000 AF of available storage to allow greaterstandards; federal regulatory permits;
operational flexibility to meet water supply needs and Coordinated Operation Agreement;
control Delta salinity, water supply contracts.

Sedimentation, Scour- Decreased ve!ocity in the North and South Forks of the Scour and seepage monitoring pro-
ing, and Seepage Mokelumne River could cause sedimentation; however, gram will be implemented. Periodic

no scouring is expected, channel dredging will be investigated.

Flooding Significant flood protection will be provided to north DeltaImproved channels to lower flood
lands and to the towns of Walnut Grove and Thornton. stages. Administration of additional

coordinated flood control programs
will add to protection.

Navigation. Increased channel depths will improve boating access. Federal regulatory permits.

Recreation Channel improvement design will incorporate boater destins-Davis-Dolwig ACt.
tioin opportunities.

Wildlife Levee setbacks will provide high-quality channel island andAdded benefits fi’om participation in
water side berm habitat. Loss of 1,040 acres o~ agriculturalthe Stone Lakes Wildlife Refuge
land. Program.
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Table 5-1(Continued)
Summary. of Environmental Assessment for the Preferred Alternative

Protection/Mitigation
Subjects Environmental Assessment Measures

Salmon and Steelhead Increased Delta Cross-Channel flows will divert more D-1485 and subsequent protection
salmonids into the interior Delta, creating a longer standards provide for flow, salinity,
migrating path and higher exposure to predation, and operational standards for Delta

Cross-Channel and SWP and CVP
fish protection facilities. Predation
program at Clifton Court Forebay.
Participation in the recovery team
for winter-run salmon. Existing and
new fish agreements.

General impact on Beneficial changes will occur from reduced salinity and D-1485 and subsequent protection
Striped Bass reverse flows. Some of these benefits will be reduced by standards provide for flow, salinity,

increased Delta Cross-Channel flows and increased annualand operational standards for the
exports. Outflow changes will have minimal effects. Delta Cross-Channel and SWP and

CVP fish protection facilities. Exist-
ing and new fish agreements.

Direct impact on Annual reduction in striped bass yearly equivalent losses. D-M85 and subsequent protection
Striped Bass standards; predation control

programs.

Wetlands Increase in riparian/wetland area associated with channelDWR participation in wildlife habitat
enlargement. Implementation of NDP may reduce the acquisition for Stone Lakes Refuge.
severity of flooding in the Cosumnes River Preserve and DWR participation to mitigate
Stone Lakes area. changes in flooding regime to Cosum-

nes River Preserve and Stone Lakes
Refuge.

required by the California Environmental Quality Act part of the Federal Flood Control Project, and primarily
(CEQA) and National Environmental Policy Act (NEPA). line the Sacramento River, adjacent sloughs, and the San

Joaquin River in the southeast portion of the Delta.
Flood Control These levees, which constitute about 35 percent of the to-

tal, provide higher levels of flood protection. Nonproject
The most pressing problem in the north Delta study arealevees constitute the remaining 65 percent and are main-
is repeated and extensive flooding of the leveed tracts andrained by island landowners or local levee and reclama-
islands. Levee failures have become common. Since 1980,tion districts to varying and generally less stringent stan-
there have been 14 such occurrences in the north Delta.dards than project levees. Nonproject levees generally
required by the California Environmental Quality Act have less freeboard, and therefore less protection,
(CEQA) and NAtion Environmental Policy Act (NEPA). against overtopping and are generally less stable. Levees
Both limited channel capacities and inadequate leveesalong the M0kelumne River system and tributary sloughs
contribute to this critical problem, are nonproiect levees,

Delta levees fall into two main categories: project leveesThe February 1986 flood demonstrated the urgent need
and nonproject levees (see Figure 1-2). Project levees arefor new flood control work. During the flood, massive
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flows from the Cosumnes River, Mokelumne River, andLost Slough and the main stem Mokelumne River. Flows
local creeks poured into the northeast Delta. The peakfrom Lost Slough, the Mokelumne River, and Snodgrass
flows far exceeded channel capacities, and spread out overSlough converge near New Hope Landing, and enter the
low-lying areas between Freeport and Thornton, particu-severely restricted North and South Forks Mokelumne
larly in t.he Beach-Stone lakes area and at the confluenceRiver channels. The North and South Forks of the
of the Cosumnes and Mokelumne rivers. While thisMokelumne River must carry all the flood flows through
spreading greatly attenuated the peak flows into thethe north Delta.
northeast Delta, there was still inadequate capacity in.the
north and south forks of the Mokelumne River to carry There are no significant flood control reservoirs on the

the remaining flows. McCormack-Williamson Tract and Morrison Creek, Cosumnes River, or Dry Creek wa-
tersheds. The Mokelumne River has 11 reservOirs withGlanville Tract were inundated. Levees on Deadhorse Is-

land and Tyler Island failed after they were overtopped, capacities exceeding 1,000 AF. Camanche Reservoir is the

The levee protecting New Hope Tract near Thornton most important, with a total storage capacity of 431,000

failed due to structural weakness. Inundation of theseAF and a maximum flood control reservation of 200,000
AF. During the 1986 flood, releases from Camanchelarger islands and tracts lowered the floodwaters and
were limited to about 5,000 cfs, attributable to Camancheprobably saved other islands from flooding. For a short

time, water flowed Over the Delta Cross Channel gates an_d upstream reservoirs. It is estimated that without these

from the Sacramento River into the Mokelumne River
reservoirs, peak flow at the current location of Camanche
Reservoir would have been about 44,000 cfs.system.
The Corps is currently conducting a reconnaissance-level

The 1986 flooding forced evacuation of 1,600 people fromstudy of potential flood control reservoir sites on the
small towns and various homes and businesses in the area,Cosumnes and Mokleumne rivers. The study is scheduled
caused $20 rnillion worth of direct damage, and floodedto be completed in December 1990.
Interstate 5 and numerous local roads. Had the U.S.
Army Corps of Engineers (with State and local assistance)Significant flood storage is also provided in the north Del-

not raised a temporary levee south of Walnut Grove, theta Study Area. The area east of Franklin Road, where the

town would have flooded, and residents would have beenCosumnes River, Dry Creek, and Mokelumne River
driven from their homes. This near disaster demonstratedchannels converge, has historically served as a flood de-

the urgent need for a flood control project, tention area. The North and South Stone Lakes area
north of Lambert Road provides about 74,000AF of Stor-

The north Delta study area receives drainage from aboutage when the elevation at Lambert Road reaches 14 feet.
2,000 square miles of watershed, including the MorrisonHistorically, water has spread out over these areas due to
Stream Group (180 sq. mi.), the Cosumnes River (870 sq.the very limited channel capacity in the North and South

mi.), Dry Creek (330 sq.mi.), and the Mokelumne RiverForks of the Mokelumne River downstream.
(670 sq. mi.). The Beach-Stone Lakes area was originally an overflow

area of the Sacramento Ri~er. The flood plain in this area
The Morrison Creek Stream Group is composed of Mor- .consists of valley lands ranging in elevation from a few
rison, Elder, Unionhouse, and Laguna Creek. Thesefeet below sea level to 20 feet above mean sea level. Cur-
streams, located in Sacramento County Southeast of therently,’this area is primarily used for agriculture. It is proj-
city of SacramentO, flow generally westward, joining in ected that future land use in the Beach-St0ne Lakes areathe vicinity of the Beach-Stone Lakes area. Drainagewill include gradual development of the area east of I-5
continues south through the Beach-Stone Lakes area.and essentially little or no change in land use west of I-5.
Flows are then discharged into Snodgrass Slough at Lam-Beach Lake, North Stone Lake, and South Stone Lake
bert Road and through Snodgra~ss Slough around Deadreceive inflow from return irrigation and municipal drain-
Horse Island and into the Mokelumne River system (seeage water as well as backwater from the Sacramento-San
Figure 2-2). - . . Joaquin Delta. Some flooding occurs almost every year,

and damaging floods occur once every 3 years on the aver-The Cosumnes River, Dry Creek, and the Mokelumne
River originate in the central Sierra Nevada and foothills,

age.

Flows from these streams converge just upstream fromThe FWS has proposed the creation of a national wildlife
MacCormack-Williamson Tract and flow around it via refuge in the portion of this area west of I-5. This propos-
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al is compatible with DWR’s planning program and mayand overflow over this low-lying portion of Lambert Road
provide opportunities for interagency cooperation in miti-allow flow from the south during major flood events.
gation planning and habitat improvement. During the February 1986 flood about 13,000 AF of water

Upstream development in the Morrison Creek watershedflowed north over Lambert Road. In addition, some water.

could increase peak inflows and lead to further threat offrom the Cosumnes and Mokelumne rivers spilled over

flooding in the north Delta. The Corps of Engineers hasLambert Road just east of the Western Pacific Railroad

conducted engineering and design studies for the Morri-embankment, and flowed westward into the South Stone

son Creek stream group. According to the Corps’ MarchLakes area. The combined effect of local inflow from the

1987 report on the studies, reservoir storage to regulateMorrison Creek Stream Group, spill over Lambert Road

Morrison Creek floodflows is not economically feasible,at Snodgrass Slough, and spill over Lambert Road eas~ of

An alternative suggested by the Corps was to improvethe Western Pacific Railroad embankment resulted in a

about 25 miles of channel and modify the outlet structurepeak flood elevation of about 14.1 feet at the Lambert

and embankment on Lambert Road. Road bridge.

Sacramento city and county have undertaken some chan-Sacramento C. ounty is currently conducting an environ-

nel and levee work in the Morrison Creek drainage basinmental impact study and has initiated design work for con-
struction of a Lambert Road bridge and flood controland will probably complete most channel improvements

within the next 2 or 3 years, structure. Most of the cost of the new structure will be
borne by residential development in the Laguna area east

Lambert Road, which runs east-west about 9 miles southof I-5.
of Freeport, caps a levee which generally prevents flood-
waters from the Cosumnes River, Dry Creek, and the Mo-

Several federal, State, and local agencies are working to
alleviate flood problems in the north Delta area. Current

kelumne River from flowing north into the Stone Lakesprograms, with a variety of authorizations, implementa-basin. The road generally lies about 18 feet above meantion schedules, and budgets, overlap and conflict at times.
sea level, above the currently established National FloodThere is a continuing need for coordination betweenInsurance Program 100-year-flood elevation of 15 feet.

these programs.Lambert Road crosses Snodgrass Slough about 1£7 miles
west of I-5, on an old, structurally deficient bridge (now Reclamation Districts in the north Delta study area, as

closed; due to safety concerns). Seven culverts, four feetwell as the rest of the Delta, are working to meet FEMA

in diameter and fitted with flap gates, and ten four foot by Hazard Mitigation .Plan levee standards (Figure 3-3). The
ten foot wooden flapgates allow the Stone Lakes Basin todeadline for compliance with FEMA HMP standards is

drain into Snodgrass Slough, while preventing backflowSeptember, 1991. Reclamation districts not in compliance
from the south. The bridge deck, and the approach roadwith these standards will no longer be eligible for federal
on either end of the bridge, are about 11 feet above meandisaster assistance during future floods.

sea level. Leakage through the deteriorating flap gatesLevee improvements in the Delta, which reduce the prob-
ability of levee failures and flooding of the leveed islands

~ ~~: and tracts, may result in higher stages in the channels,
~,. ~1[ ~ -creating a back-water effect upstream.

Recent Delta levee legislation, Senate Bill 34, was passed
by the California Legislature and signed by the Governor
on March 12, 1988. This bill increases the financial assis-
tance to Delta reclamation and levee districts maintaining
nonproject levees. The legislation contains a provision for
the local districts to pay the first $1,000 for each mile of
levee maintenance and rehabilitation; the State will then
pay up to 75 percent of the cost exceeding $1,000 per mile.
This legislation will provide $6 million annually for 10
years.

Senate Bill 34 also contains a new Delta Flood Protection
Fund of $6 million annually for 10 years for special floodLambert Road Bridge control projects in the Thornton-Walnut Grove area and
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for the eight western Delta islands that are vital to Deltafined Channels and overflow areas. To estimate the timing
water quality. In addition, the legislation calls for $5 rail-and magnitude of flows at the studyarea boundary, a corn-
lion annually for 10 years for environmental mitigationbination of flow measurement, flood routing, and local
projects, rainfall runoff analysis is required. Flood routing and lo-

cal rainfall-runoff analysis were conducted, using HEC-1
Planning for the improvement of 5.4 miles of levees pro-(Appendix C).
tecting Thornton is now under way. Construction is ex-
pected to begin in 1991. . Impacts on flood flows, stages, and velocities were ana-

lyzed, using a Dynamic Wave Operational Model
The Corps continues to study the possibility of a federally(DWOPER) with a network option. The model, devel-
authorized flood control project in the Delta, which wouldoped by Dr. D. Fread of the National Weather Service Of-
provide federal assistance for improving the levees. A re- fice of Hydrology, was selected because it can simulate
connaissance level investigation is now under way and isthe extremely complex flood hydrology of the north Delta
scheduled for completion in September 1991. study area. It effectively models flood wave transients,

channel flows, water storage in overflow areas, levee fail-
The NDP has focused on channel enlargement as a keyures and island flooding, tidal effects, impacts of hydraulic
objective because this would reduce flood stages through-structures--such as the existing and proposed Lambert
out the study area. Levee improvements will further im-Road structure--and the distribution of flood flows
prove flood protection; however, levee improvementsthrough a complex network of channels. About 118 cross
alone will tend to shift the risk of inundation from onesections were compiled from a number of sources to de-
area to another, without reducing the overall flood dan-scribe the channet geometry of the study area.
ger.

In a typical flood modeling effort the migdel is calibrated
To evaluate the impacts of potential channel enlargementby adjusting model parameters to achieve the best fit to
alternatives, DWR and the Corps conducted several in-one or more storms for which data is available. Because
terrelated studies, which included the following ele-model parameters have been "tuned" to fit specific
merits: storms, it is necessary to verify that the model realistically

simulates the prototype flood hydrology by simulating one
¯ reconstruction of the February, 1986 flood hydrologyor more floods to which the model has not been cali-

for the north Delta study area, including estimatedbrated. Once verified, the model can be used, with the ap-
inflows from the Morrison Creek Stream Group, the propriate level of caution, for alternative analyses or oth-
Cosumnes River, Dry Creek, and the Mokelumne er studies.
River at the boundaries of the study area;

¯ evaluation of the impact of reservoir storage onThe calibration step is optional, because model parame-
runoff from the Mokelumne River watershed during ters can be estimated directly from field investigations
the February 1986 flood; without regard for model performance. The verification

¯ development of a hypothetical 100-year-flood hy-step is essential, however, because it provides the onlyway
to evaluate the accuracy and reliability of the model.drology for the north Delta study area, including esti-

mated inflows from the Morrison Creek Stream
Group, the Cosumnes River, Dry Creek, and theIn the north Delta flood analysis the DWOPER network
Mokelumne River at the boundaries of the studymodel was not calibrated. Instead, model parametersand
area; and inputs were measured or estimated directly from field in-

vestigations, recorded precipitation, flow, and stage data,
¯ ddvelopment of a computer model to simulate flood2and other observations, after which model performance

ing in the network of channels and overflow areas inwas verified to the extent possible by simulating the Feb-
the north Delta study area: ruary 1986 flood (Figure 5-1).

The inflows to the north Delta cannot be measured direct-
ly because as they approach the area, they spread out,The results of the February 1986 flood verification run are
moving overland and in a complex network of poorly de-shown in Appendix C and summarized in Table 5-2a. The

C--071 232
(3-071101.133



1886 FL ODD
INFL OLU HYDROD~ePHS

PIOKELUPINE RIVER BND TRIBUTI]RIES

60000

50000

COSUMNES RIVER

40000

~0000

I0000

MOKELUMNE RIVER + DRY CREEK

0

FEB    14 FEB 15 FEB    16FEB    17FEB    18FEB IS FEB 20 FEB
DAYS

1986 FL ODD
INFL OU~ HYDROGR~PHS

PIORRISON STRESI~ GROUP

?ooo
NOTE:
COMPUTEO FROM LOCAL RAINFALL OATA

SO00      USING HEC-I BY USACE (EXCEPT PUMP SO>

4ODD

3000

S STONG L~KE~ LOCRL

2000

I000

-I000

FEB 14 FEB |S FEB IS FEB ’~? FEB IS FEB IS FEB 20 FEB 21
DAYS

Figure 5-1. 1986 Flood Hydrographs for the Mokelumne River and Morrison Creek
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first column lists the recorded February 1986 stages, and̄ TheDWOPER network model requires that therebe
the second column shows the DWOPER network model a single downstream boundary where flows exit,
simulation results, based on simulation of the actual levee whereas in fact, flow drains into the San Joaquin Riv-
breaks, with current channel geometry ("no action alter- er via Little Potato Slough on the east and the South
native") and the current Lambert Road structure. The re- Fork Mokelumne River on the west. To deal with this
sults suggest that the model reproduces all the major fea- difficulty, the downstream model boundary was fixed
tures of the February 1986 flood, but is unable to replicate just upstream of Georgiana Slough on the South Fork
the flood exactly. Mokelumne River, and the Little Potato Slough

channel capacity was added to the South Fork
The discrepancy between the actual and simulated flood Mokelumne channel capacity in the reach west of
occurs in part because the verification data is incomplete Terminous. As a result, the model tends to ~lightly
and because some simplifying assumptions were required over-estimate stages along the South Fork
to facilitate the modeling. Among the significant p0ten- Mokelumne River between Hog Slough and Geor-
tial sources of discrepancy in modeling the 1986 flood are giana Slough, because the simulated flow path is long-
the following: er than in the actual channels.

¯ Although the times of levee failures during the flood ¯ The model simulated island flooding by creating out-
are fairly well established, the resultant levee breach flows from the designated channels which approxi-
hydrographs cannot be reconstructed with a high de- mate the timing, peak flow, duration, and volume of
gree of confidence. Theislandfloodingvolumeswere the actual levee breaks. The model did not simulate
estimated from topographic mapsand flood elevation the return flow into the fiver channels which oc-
estimates, while peak flows and hydrograph durations cuffed when levees at the lower ends of-the islands
were based on field observations, breach~ size, and were overtopped and breached. Thus, the model
other factors, derestimates effective channel capacity and storm

volume on the recession of the flood.
¯ As described earlier, the inflows to the north Delta

Despite these data and modeling errors and simplffica-area are estimated rather than measured directly, us-
tions, the model performed reasonably well and wasing rainfall-runoff simulation, flood routing, up-
judged acceptable for conducting the comparative analy-stream flow data and precipitation data. Thus, con-
ses required in this EIR/EIS. However, the model shouldsiderable uncertainty remains about what the true in-
not be used to determine absolute stages such as requiredflows were at the model boundaries.
under the National Flood Insurance Program.

¯ During the flood a number of houseboats and otherA synthetic 100-year flood was developed to facilitate the
craft broke free of their moorings and were carried analysis of NDP alternatives as well as other potential
downstream to pile up at the Walnut Grove-changes in the study area. The 100-year flood volumes
Thornton Road Bridge at New Hope Landing. This were determined from a regional flow-duration-frequen-
obstructed the flow and, according to eyewitness ac- cy analysis. The December 1955 flood was used as a proto-
counts, caused a considerable back water effect which type for creating the 100-year storm hydrographs with the
was not simulated in the model, appropriate 3-day, 7-day, and 15-day volumes. A

100-year storm centered over the Cosumnes River basin¯ During the flood some overflow from the south en- would have the greatest impact on the north Delta study
tered the Stone Lakes area by spilling over Lambertarea and was selected for use in the alternative analysis.
Road on the east side of the Western Pacific Railroad The Morfison Creek Stream group, Dry Creek, and the
tracks, then flowing westward on the north side of Mokelumne River would have concurrent floods of less
Lambert Road. The Corps estimated that about 1500than 100-year intensity. The development of the
acre-feet entered the Stone Lakes Basin by this path. 100-year flood hydrology is described in detail in the
ThisoverflowwasnottakenintoaccountinthemodelCorps Office Report, MokelumneRiver, California, One
because it represents a small fraction of the totalPercent Flood at Franklin Road, Hydrology, May 1990.
.overflow across Lambert Road and including it would
make the modeling problem considerably more corn-In the course of this analysis it was found that the synthet-
plex. ic 100-year event and the February 1986 events were
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roughly comparable in magnitudeand could be used as al-Standards, so it is assumed that they will not fail in the
ternative 100-year flood scenarios (Figures 5-1 and 5-2).100-year flood. Levee Break Scenario 2 was judged to be
Also, the impact of the Lambert Road structure on flood most likely in an extreme flood, because McCormack-
stages (both existing and proposed) depends a great dealWilliamson Levees cannot be raised and the east levee
on the relatkve timing and-magnitude of north Delta in-protecting Glanville Tract remains vulnerable ~o failure.
flows. A simulated storm centered over the MorrisonTable 5-2b shows the 100-year flood analysis, conductedCreek Basin would tend to show relatively less impact at-
tributable to the structure because the Stone Lakes basinfor both levee break scenarios, with and without the pro-

would be filled from Morrison Creek inflow, leaving less posed Lambert Road structure. The last 4 columns of
Table 5-2a shows the simulations using Levee Break Sce-roomfor overflow from the south. Conversely, a storm

centered over the Cosumnes River watershed would tendnario 2 and February 1986 hydrologic inputs. In these sim-

to show a greater impact attributable to the structure be-ulations the February 1986 flood is Used as an alternative

cause more storage space north of Lambert Road would100-year flood, and canbe compared to the last 4 columns

be available to receive peak inflow from these larger wa- of ~Pable 5-2b.

tersheds. The 100-year flood was used with levee break Scenario 2,
assuming the current Lambert Road structure remains, to

The February 1986 flood had comparatively greater flowscompare the impacts of north Delta channel enlargement
in the Morrison Creek Basin than the hypotheticalalternatives on stages at key locations (Table 5-3).
100-year flood, as shown in Table 3-1.

No-Action Alternative
Accordingly, for the preferred alternative (5B), impacts
were analyzed for both the 100-year and February 1986Under the NoJaction alternative, it is expected that cur-
flood (Tables 5-2a and 5-2b; and Figures 5-1 and 5:2). rent trends and activities impacting flood stages will con-

tinue. Reclamation Districts in the north Delta will con-
While levee breaks during the February 1986 flood ~re atinue to upgrade levees to meet the FEMA deadline for
matter of record, the timing and location of levee breakscompliance with Hazard Mitigation Plan levee standards.
in future floods are unknown. On the other hand, levee
breaks can profoundly affect peak flood stages and cannotDevelopment in the Morrison C. reek Stream Group basin

be ignored in simulating major flood events. If a leveewill continue at the current rapid rate, which will result in

fails just prior to the time of peak flooding, water rushinggreater runoff and a more rapid concentration of runoff.

through the breach can attenuate the peak. A levee fail-Figure 5-2 shows the estimated 100-year’flood flow for

ure which allows an island to flood completely before thethe basin, using the December 1955 flood as a temporal

time of peak flooding will have no impact on the peakpattern, for current conditions and assuming current de-

stage: It simply results in storage of water which would velopment of the watershed. Development is expected to
increase peak flow by about 37 percent, from 9,700 cfs tootherwise have flowed out of the area. A levee failure oc-

curring after the peak flooding, such as occurred on New13,300 cfs.

Hope Tract, will obviously have no impact on peak stages.This development, under the No-action alternative,
would increase the 100-year-flood stages in the South

In response to both the uncertainty and the importance ofStone Lake area by about 0.3 foot. The impact down-
levee failures in modeling the 100-year flood, two differ-stream from Lambert Road would be less--about 0.2 foot
ent levee break scenarios were simulated in evaluatingat New Hope Landing and 0.1 foot at Benson’s Ferry.
the impact of the preferred alternative.

Sacramento County may proceed with construction of a
In Levee Break Scenario 1, it was assumed that McCor- new Lambert Road bridge and flood control structure.
mack-Williamson Tract levees fail when the Mokelumne This new structure would effectively prevent floodwaters
River stage between I-5 and New Hope Landing reaches from the Mokelumne and Cosumnes Rivers from flowing
13 feet. In Levee Break Scenario 2, it was assumed thatnorth into the Beach-Stone Lakes Basin. It would also
both McCormack-Williamson Tract and Glanville Tract allow the Beach-Stone Lakes Basin to drain more freely
fail at this water level. Levees protecting other north Del- when stages downstream from Lambert Road permit.
ta tracts and islands have been or are being raised and ira-The effect of the new Lambert Road structure, under the
proved to comply with FEMA Hazard Mitigation Plan 100-year-flood scenario, would be a reduction in peak
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stage north of Lambert Road of about 2.4 feet, and a cor- however, intense thunderstorms over the Sacramento
responding increase in stage downstream of about 1.6area resulted in proportionately greater runoff from the
feet. (Table 5-2b, Levee Break Scenario 2, No-action Al- Morrison stream Group, resulting in a larger volume of
ternative, Current Lambert vs. Proposed Lambert col- water flowing into the Beach-Stone Lakes basin, and
umns). The stage increase at New Hope Landing wouldthus, higher stages upstream from the Lambert Road
be about 1.4 feet, and at Benson’s FerrY, it would bestructure.
about 0.6 foot.

The effect of the new Lambert Road structure, u~nder this
flood scenario, would be a reduction in peak stage north of

The estimated impacts on 100-year-flood stages underLambert Road of about 0.9 feet, and an increase in stage
the No-action alternative, with the current level ofdevel- downstream of about 1.3 feet (Table 5-2a, Levee Breakopment in the Morrison Creek Stream Group basin, are

Scenario 2, No Action Alternative, Current Lambert vs.summarized in Table 5-2b. If the 1986 flood flows wereProposed Lambert columns). The stage increase at New
used as a basis for comparison, rather than the hypotheti-Hope Landing would be.about 1.! feet, and at Benson’s
cal 100 year flood, the impact of the Lambert Road struc-Ferry, it would be about 0.3 feet.
ture on flood stages would be somewhat less. The reason
is that the 100-year event that results in the greatest over-Whereas this analysis has focused on the 100-year-flood
a11 flooding in the north Delta study area would be cen-scenario, flood stages from lesser storms would also be
tered over the Cosumnes River basin, a mountain wa-affected. The new Lambert Road bridge can be expected
tershed with no flood storage reservoirs. The Morrisonto allow Morrison Creek drainage to exit more quickly and
Stream Group, DrY Creek, and the Mokelumne River ba- eliminate a11backflow through the existing flap gates, thus
sins would receive proportionately less precipitation, be-reducing flood stages in the Beach Stone Lakes basin even
ing further from the storm center. During the 1986 flood, when flood stages downstream do not exceed 11 feet (the

Table 5-2A
Impacts on February. 1986 Flood Stages1

DWOPER/NETWORK Model Simulation Results
Levee Break Scenario 2: McCormack

Recorded Actual Levee Breaksz Williamson Tract & Glanville Tract Flood
* No-Action Alternative No-Action Alternative Preferred Alternative

Feb. 1986 Current Proposed Current Proposed Current I Proposed
Location                      Stages Lambert Lambert Lambert Lambert LambertI Lambert

Column 1 2 3 4 5 6 7
Mokelumne-South Fork

Benson’s Ferry 18.3 .17.7       18.1 17.8 18.1 13.5 13.5
New Hope Landing 13..13 12.1 13.3 12.2 13.3 8.9 8.9
Hog Slough - 7.2 . 7.2 7.2 7.2 7.1 7.1
Terminous - 7.0 7.1 7.1 7.1 7.1 7.1
Junction North Fork 7.0 7.01 7.0 7.0 7.0 7.0 7.0

Snodgrass--North Fork
Lambert Road, north 14.1 13.5 12.8 13.7 12.8 10.2 1012
Lambert Road, south 14.1 13.7 15.1 13.8 15.1 10.5 10.5
Twin Cities Road 14.2 13.7 15.1 13.8 15.1 10.5 10.5
Delta Cross Channel 13.9 12.6 13.8 12.6 13.8 9.3 9.3
Junction North Fork 12.04 12.0 13.1 12.0 13.1 8.7 8.7
Mid-Staten Island - 7.6 7.8 8.0 8.1 7.2 7.2
3"unction South Fork 7.0 7.0 7.0 7.0 7.0 7.0 7.0

’Note: Stages are referenced to 0.0’. Stages are approximate and presented for comparison only.
2Levee breaks on McCormack-Williamson Tract, Glanville Tract, Dead Horse Island, Tyler Island, and New Hope Tract.
3High water mark upstream from Walnut Grove-Thornton Road Bridge.
4High water mark 100 feet upstream from Giusti’s Restaurant.
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Table 5-2B
Preferred Alternative (5B) Impacts on 100-Year Flood Stages1

Levee Break Scenario 1 Levee Break Scenario 2
No-Action Alternative~ Preferred Alternative3 No-Action Alternative~ Preferred Alternativea
Current Proposed Current    Proposed Current._ Proposed Current Proposed

Location              LambertLambert Lambert Lambert
Lambert[

Lambert Lambert Lambert

Column 1 2 3 4 5 6 7 8

Mokelumne-South Fork " "
Benson’s Ferry 18.9 19.8 14.8 14.8 18.5 19.1 ’ 14.6 14.6
New Hope Landing 14.0 15.5 10.8 11.0 13.4 14.8 10.5 10.6
Hog Slough 8.3 8.6 " 8.6 8.6 8.2 8.4 8.5 8.5
Terminous 8.0 8.0 8.0 8.0 ~ 7.9 8.0 8.0 8.0
Junction North Fork 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7

Snodgrass--North Fork
Lambert Road, north 13.9 1!.5 11.0 10.7 13.4 11.4 10.8 ~10.6
Lambert Road, south 15.4 17.2 12.0 12.3 14.8 16.4 1L7 11.9
Twin Cities Road 15.4 17.2 12.0 12.3 14.8 16.4 11.7 11.9
Delta Cross Channel 14.4 16.0 11.2 11.4 13.9 15.2 10.9 11.0
Junction North Fork 13.9 15.3 10.5 10.7 13.3 14.6 10.3 10.4
Mid-Staten Island 9.3 9.9 8.7 8.8 9.2 9.6 8.6 8.6
Junction South Fork 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7

Levee Break Scenario 1: McCormack Williamson Tract floods.
Levee Break Scenario 2: McCormack ~Williamson Tract and Glanville flood.

1Note: Stages are referenced to 0:0’. Stages are approximate and presented for comparison only.
2The current level of development in ~the Morrison Creek Stream Group basin is assumed: With ultimate development inthe basin, add about 0.3 feet to stages upstream of Lambert Road, 0.2 feet to stages between Lambert Road and New Hope~

Landing, and 0.1 feet to the stage of Benson’s Ferry.-
3Impacts of development in the Morrison Creek Stream Group basin would be less than noted in Footnote 2 (above).

elevation at which the current structure is overtopped),with and without ultimate development in the Morrison
There would be corresponding increases in flood stagesCreek Stream Group basin. The results are summarized
downstream, in Tables 5-2a and 5-2b.

Preferred Alternative As the tables show, the simulated reduction in flood
stages with implementation of the preferred alternative
varies with the location in the study area and the planning

The preferred alternative, 5B, as well as alternative 5A,
assumptions employed. At New Hope Landing the stage

include channel enlargement along the Mokelumne Riv-
reduction varies from 2.9 feet to 4.5 feet. The lowest im-

er from I-5 to New Hope Landing, then along the Northpact, a 2.9 feet reduction in stage, is computed using the
Fork Mokelumne River to the San Joaquin River. The

100-year flood with Levee Break Scenario 2 and the cur-
South Fork Mokelumne River and portions of Snodgrass

rent Lambert Road Structure (Table 5-2b, column 5 vs.
Slough would be dredged. These actions will result in sig=

column 7). The greatest impact, a 4.5 feet reduction in
nificant reductions in peak 100-year-flood stages

stage, is computed using the 100-yearflood with Levee
throughout the north Delta study area under all scenarios

Break Scenario 1 and the proposed Lambert Road Struc-
considered. :

ture (Table 5-2b, column 2 vs. column 4).

The impact on flood stages was evaluated for the FebruaryUpstream of New Hope Landing the stage reductions
1986 flood hydrology, for the synthetic 100-year flood by-would be somewhat greater; downstream of New Hope
dro!ogy with levee break scenarios i and 2, with and with-Landing the stage reductions diminish. The model indi-
out reconstruction of the Lambert Road Structure, andcates that stages could increase in the vicinity of Hog
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Figure 5-2. 100-Year Flood Hydrographs for the Mokelumne River and Morrison Creek
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Table 5-3. Alternative Impacts on 100-Year Flood Stages1

Location I N°-Acti°n I 2A’2B2 I 3A’aB [ 4A’4B 5A, SB [ 6A, dB

Lambert, north 13.4 12.6 12.3 10.8 10.8 --
Lambert, south 14.8 13.6 13.3 11.7 11.7 < 11.5
Benson’s Ferry 18.5 18.1 18.0 14.6 14.6 < 14.5
New Hope Landing 13.4 11.1 10.7 10.5 10.5 < 10.0
South Fork at Hog Slough 8.2 8.6 8.5 8.5 8.5 < 8.0
North Fork at Mid-Staten 9.2 8.4 8.4 8.5 8.6 < 8.0
Junction North & South Forks 7.7 7.7 7.7 7.7 . 7.7 7.7

1Stages are referenced to 0.0’ NGVD. Stages are approximate and presented for comparison only.
2Stages for Alternatives 2A, 2B,and 6A, 6B are estimated values.

ASSUMPTIONS: Current Lambert Road Hydraulic Structure remains in place.
Current level of development in Morrison Stream Group basins.
McCormack-Williamson Tract and Glanville Tract levees fail.

Slough by as much as 0.3 feet, depending upon the plan-of new species, cattle grazing, diking, irrigated agricul-
ning scenario selected. This is in part because the modelture, and drainage. However, as described in Chapter 4,
assumes that Little Potato Slough and the South Forkthey retain high wildlife habitat values, and are prime
Mokelumne have been combined into one channel con-areas for potential wildlife habitat restoration.
nected to the North Fork Mokelumne. It is also partly due

Most Of the existing riparian forest and wetland areas areto the combined backwater effect from the San Joaquin
and the increased flow due to channel enlargement up-associated with the tidally influenced sloughs and tribu-

stream. Any potential stage increase canbe eliminated bytaries of the Cosumnes River, Dry Creek, the Mokelumne

further refining the upstream and downstream channelRiver, Snodgrass Slough, and the Beach--Stone Lakes

enlargement magnitudes, basin. The reduction in the severity of flooding is not ex-
pected tO have an adverse impact on those areas which are

The modeling results indicate that the preferred alterna-at elevations close to sea leve!.
tive can significantly reduce peak flood stages in the northSeasonal wetlands and transition zones at higher eleva-Delta study area for all scenarios considered. They alsotions may be affected by the reduction in flooding. There
indicate that ff the preferred alternative is implemented,are indications that the natural reproductive success of
the proposed Lambert Road structure would no longervalley oaks, cottonwoods, white alder, and perhaps other
cause a significant increase in downstream stages (Tableriparian vegetation, is closely tied to periodic flooding.
5-2a, column 6 vs. column 7, Table 5-2b, column 3 vs. col-Flooding can drown rodents, which feed on seedlings,
umn 4 and column 7 vs. column 8). uproot competing plants, create new, nonvegetated,

moist areas for colonization, and transport seeds.This will greatly reduce the risk of inundating north Delta
tracts and islands, which provide for a multitude ofbenefi-The importance of these processes associated with large
cial uses, including wildlife habitat, scale flooding has not been established and may need fur-

ther study. The Department is committed to cooperating
The duration and areal extent of flooding along the exist-in the mitigation of any adverse ecological impacts in
ing channels of the north Delta will also be reduced. This.these areas that may occur as a result of the proposed
could impact the ecological balance in areas historicallyproject and will continue to explore possible mitigation
subject to inundation, such as the Cosumnes River Pre-options with the responsible agencies.
serve area, the Delta Meadows, and the Beach-Stone
Lakes area. Restoration activities in the Cosumnes River Preserve

currently includes diking and controlled flooding, exten-
The Cosumnes River Preserve area and the Beach-Stonesire tree planting, and weed control. These and other
Lakes area have been highly disturbed by the introductionmanagement practices may also be effective in maintain-

106

C 071239
C-071101.140



ing and enhancing seasonally flooded areas which will re-Operation studies and Delta hydrodynamic and water
ceive less frequent and less severe flooding with imple-quality studies were used to evaluate potential environ-
mentation of the NDE . mentalimpacts of the ten north Delta alternatives and the

no-action alternative.

Available resource inventories for these areas are sum-These studies provided information for evaluating both
marized in Appendix E the potential environmental impact of the operation of

the alternatives as well as the potentiaI environmental ira-
Other Alternatives pact of the subsequent changes in operation of the Banks

Pumping Plant. Monthly water supply studies Of the over-

Under alternatives 2A and 2B, the South Forkall SWP and CVP system for the 57-year period 1922

Mokelumne River would be dredged to a depth of approx- through 1978, with SWP demands assumed at 3.8 MAF,

imately 20 feet. Under alternatives 3A and 3B, both thewere used to establish the No-action State water supply

South and North forks would be dredged. The North Forkconditions and Delta hydrologic’conditions. A second op-

is relatively free of sediment, so the conveyance capacityeration study was made at the same level of SWP de-

of the system would not be greatly improved as a result ofmands, which assumed the SDWMP was in place, allow-

this additional dredging. The impacts of channel dredginging for a Banks Pumping Plant capacity of 10,300 cfs.

under current levels of upstream development and withTheNo-action Delta hydrologic conditions were used in
the existing Lambert Road bridge and under future levelsDelta models to establish the No-action Delta hydrody-
of upstream development and with a new Lambert Roadnamic and water quality conditions for five of the water
bridge in place have been estimated. The results indicateyears out of the 57-year study period. These five water
that channel dredging alone is not sufficient to mitigateyears were selected because they contained Delta inflows
for proposed improvements upstream, but would signifi-and diversions representative of those observed for each
cantly reduce flood stages under current conditions, of the five water year types. This ensured that the No-ac-

tion Delta hydrodynamic and water quality conditions
Alternatives 6A and 6B involve creation of a floodway were determined under a wide range of realistic hydrolog-.
through the north Delta to the San Joaquin River byic conditions.
breaching the levees protecting McCormack Williamson
Tract, Dead Horse Island, Staten Island, and portions ofThe format for discussing operational impacts is ex-

Bouldin and Brannan-Andrus Island. Only a portion ofplained as follows:

McCormack-Williamson Tract is above sea level; the rest ¯ Background: Information pertinent to the impact un-
of the floodway wouId be permanent!y inundated. These der discussion.
alternatives were not modeled under flood conditions be-̄ No-action Alternative: A brief review of past,
cause it was clear from previous analyses that these alter- present, and anticipated conditions under the No-ac-
natives would provide enormous conveyance and storage tion alternative.
capacity, thus drastically reducing flooding due to high in-̄

Preferred Alternative: An assessment of incrementalflows from upstream watersheds. Stage reductions at
New Hope Landing, Benson’s Ferry, and the Lambert impacts based on a comparison with the No-action al-

ternative to quantify impact differences,Road bridge would be significantly greater than under the
preferred alternative. In the southern part of the study¯ Other alternatives: A similar assessment of incremen-
area, flooding associated with high tides would continue tal impacts compared with the No-action alternative.

to be a concern. Impacts on fish, an important part of this analysis, are gen:-
erally covered in two parts:

A comparison of impacts on flood stages of the alterna-̄ A qualitative discussion of general impacts, by species,
tives under the 100-year flood using Levee Break Scenar- of the effects on migration, survival, and entrainment.
io 2 is presented in Table 5-3 .... Delta inflow and diversions from operational studies,

and Delta flows and salinities from Delta modeling,
These alternatives will also impact the duration and areal are presented to assess these effects. Fish examined
extent of flooding, with potential ecologicalimpacts as de- include striped bass,~ Chinook salmon, sturgeon,
scribed under the Preferred Alternative section. American shad, and various resident fishes.
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¯ A quantitative analysis and discussion of direct lossespumping stations located throughout its system. To re-
and salvage of screenable-size fish at the Delta Corn-duce SWP impacts on the statewide electrical power grid,
plex, which consists of Banks Pumping Plant, the Johnpumping is conducted during low-demand periods of the
E. Skinner Fish Protective Facility, and Clifton Courtday and week to take advantage of the availability and low
Forebay. cost of energy during those periods.

Direct !osses of striped bass and Chinook salmon were es-Various protective measures for the Delta have required
timated on the basis of estimated entrainment losses, in-specific flow and quality measures: 1) Decision 1485 esta-
cluding salvage, predation losses, and handling~and haul-blishes minimum Delta flow, water quality standards, and
ing losses. This method used historic loss data, and SWPexport limitations to protect fish, municipal, industrial
diversion records from1980--1987, to estimate losses thatand agricultural uses of the Delta water supply. 2) The
might occur under future SWP diversion rates describedCoordinated Operating Agreement (COA) obligates the
in operation studies reflective of the No-action, pre- SWP and the CVP to meet water quality and outflow stan-
ferred, and other alternatives assumptions, dards established in Decision 1485 to protect the benefi-

cial uses of the Delta water supply. 3) Agreements and
Estimated salvage of screenable-size American shad,contracts with local Delta interests to provide water users
sturgeon, and resident fish are also presented. This analy-in the Delta with water and water quality standards above
sis is based on the historical (1968-1980) number of fishthe existing Delta standards. 4) A temporary agreement
salvaged at the screen and assumes that the average popu-between DWR and DFG to offset direct losses of striped
lation of those fish will remain constant. A lower popula- bass, Chinook salmon and steelhead in relation to the
tion value used in the assessment of fish impacts would re-Harvey O. Banks Pumping Plant by further limiting ex-
sult in lower fish impacts, port pumping in May and June from 3,000 cfs to no more

than 2,000 cfs based on storage withdrawals from SWP fa-Other operational impacts on the estuarine environmentcilities upstream of the Delta.
that are evaluated or discussed include aquatic inverte-
brates and Suisun Marsh. These and other Delta protective measures are discussed

~ in detail in Chapter 1.
Monthly Operational Changes .

In August 1983, DWR and DFG signed the ’~greement
Factors which dictate the monthly operation of.the SWPConcerning the Operation of the Oroville Division of the
include 1) flood management; 2) electrical load manage-State Water Project for Management of Fish and Wild-
ment; 3) flow, exports, and quality measures; 4) natural!ife." The agreement set releases into the Feather River
hydrologic and tidal variations; 5) state water contractors’from Thermalito Diversion Dam for fishery purposes.
requests; 6) existing channel configuration; 7) upstreamDWR wil! continue to operate the SWP under this agree-
and in-Delta water users; and 8) operational risk analysis,ment. ~

The CVP has operational constraints similar to those ofSystem hydrology helps dictate the amount of SWP diver-
the SWP listed in the preceding paragraph. CVP divertssions throughout the year~ Decision 1485 establishes five
water directly from Old River, which affects ~vater condi- water-year classifications based on channel hydrology in
tions in the south Delta and possibly affects SWP opera-the Sacramento Valley (Table 5-4). These water year clas-
tion. sifications help define water quality standards and the

availability and allocation of water to water agencies serv-
During wet years, SWP storage facilities designated foriced by the SWP.
flood control store flood waters and make controlled re-
leases that reduce or eliminate the potential for floodingThe NDP alternatives have been tested under varying
in downstream areas. When water surface, elevations inmonthly export levels, which vary according to the opera-
the storage facilities encroach into the flood reservationtional considerations listed in Chapter 3. These consider-
zone, operation of the storage facility is governed byati0ns restrict May, June, and July exports according to
Corps of Engineers (Corps) flood control regulation. D-1485. During high-flow periods, exports are increased;

however, monthly average exports exceeding 8,000 cfs oc=
Although the SWP produces a large amount of hydroelec-cur less than 20 percent of the time. During the spring, av-
tric energy, it consumes even more energy at the variouserage export rates for different years had a range.of 2,000
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Table 5-4
Decision 1485 Water Year Classification

Year classification shall be determined by the forecast of Sacramento Valley unimpaired runoff for the current water year (October I of the
~receding calendar year through September 30 of the current calendar year) as pubIished in California Department of Water Resources Bulletin
120for the sum of the following locations: Sacramento River above Bend Bridge, near Red BIuf~ Feather River, total inflow to Oroville
Reservoir; Yuba River at Smarlville; American River, total inflow to Folsom Reservoir. Preliminary determinations of year classification shall
be made in February, March and April with final determination in May. These preliminary determinations shall be based on hydrologic condi-
tions to date plas forecasts of future runoff assuming normal precipitation for the remainder of the water year.

YEAR TYPEz Unimpaired Runoff, Millions of Acre-feet (MAF)
~10.2 12.5 15.7 19.6

Except               Critical Dry Below Normal Above Normal Wet
o

Unimpaired Runoff, MAF

Year Following 12.5 15. 7 22.5

CriticaI Yearl Critical ]Dry [ Above Normal ’[Wet

Wet~ Equal to or greater than 19.6 MAF (except equal to or greater than 22.5 MAF in a year following a
critical year)a

Above Normal2 Greater than 15.7 MAF and less than 19.6 MAF (except greater than 15.7 MAF and less than 22.5

MAF in a year following a critical year)a

Below Norrnalz Equal to or less than 15.7 MAF and greater than 12.5 MAF (except in a year following a critical
year)a

Drya                 Equal to or less than 12.5 MAF and greater than 10.2 MAF (except equal to or less than 15.7 MAF
and greater than 12.5 MAF in a year following a critical year)a                  :

Critical~ Equal to or less than 10,2 MAF (except equal to or less than 12.5 MAF in a year following a critical
year)a

1The year type for the preceding water ye~ar will remain in effect until the initial forecast of unimpaired runoff for the current water year
is available.

aAny otherwise wet, above norr~al, or below normal year may be designated a subnormal snowmelt year whenever the forecast of April.
through July unimpaired runoff reported in the May issue of Bulletin 120 is less than 5.9 MAE

~"Year following critical year" classification does not apply to Agricultural, Municipal, and Industrial standards.
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cfs, with corresponding variations on impacts to fish. Forquin, and Trinity river systems. These past effects are
example, over the 57-year study period, striped-basssummarized in the final environmental impact report on
losses in May would be reduced by about 5 percent whenthe Banks Pumping Plant expansion, dated January 1986,
exports are reduced by ~00 cfs. Different levels of export and the COA, dated April 1986. ~
and associated fishery impacts can be determined by com-
paring monthly operational SWP data to fishery analysis.

The primary impact of the north Delta alternatives on
SWP operations are to reduce carriage water require-

Alternative export levels also affect operational flexibil- ments, thereby providing greater operational flexibility.

ity. For example, greater flexibility in operating the SWPDepending on operational constraints, this results in

can be achieved ff maximum daily average SWP exportsgreater carryover storage for a. given level of exports, a

can periodically reach 10,300 cfs instead of being limitedhigher level of export during periods of limited supply, or

to 6,400 cfs. Current negotiations for fishery protectioncombinations of these effects.

will consider operational flexibility. The impact of north Delta alternatives .on SWP opera-
tions was evaluated under two scenarios: In the first, it WasTidal variations also affect SWP operation. During high

tides, diversions into Clifton Court Forebay are usually in-assumed that the existing south Delta facilities, in opera-

creased to take advantage of the abundance of water intion or under construction are operational; in the second,
it was assumed that the proposed south Delta improve-the Delta channels while still adhering to established wa-merits are also in operation.ter quality requirements. ~
Table 5-5 presents the average monthly pumping diver-

DWR has contractual agreements with various agenciessions projected for CVP and SWP in 57-year simulation
to deliver water for municipal, industrial, and agriculturalstudies. In order to isolate beneficial or adverse effects of
uses. Contracted agencies submit their requests to DWRthe various alternative actions on the SWP system, CVP
for the upcoming year’s water delivery schedule, whichoperation in all the simulation runs was identical to the
depends on water year type, water users request, and theno-action alternative. Therefore, CVP average monthly
predicted water availability and carryover storage, export values given in Table 5-5 under the no-action alter-

native are applicable to all the other alternatives.
Many of the major upstream and in-Delta water users
have water right contracts with DWR to request and di- No-action Alternative. Under the no-action alternative
vert a specified quantity of water,- These diversions varymost of the pumping will occur during the wet season,
from month to month. At times it is necessary to makefrom November to April. This is done to minimize pump-
additional releases to comply with water quality standardsing diversions in August and September when the ratio of
downstream, carriage water to pumping diversion is .usually at its high-

est. The 57-year averages of monthly SWP exports during
Currently, contracts for water delivery requests exceed this period range from 4,339 cfs to 6,737 cfs with an aver-
the firm yield of the SWP. To alleviate the shortfall, SWP age of 6,032 cfs. During the drier part of the year, May to
operations are determined by present water conditionsOctober, the 57-year averages of monthly exports range
and by the established acceptable level of risk that bal-from 2,094 to 3,903 cfs with an average of 2, 963 cfs.
ances the quantities of water delivered to Contractors this
year against the ability of the SWP to fulfill future water PreferredAlternative. Under the preferred alternative, the
deliveries. The SWP operational level of risk is deter-ratio of carriage water to pumping diversion is reduced
mined by use of the "rule .curve," which is discussed inconsiderably. Under this condition, shifting the pumping
Chapter 1, under "State Water Project Operations." diversions to the latter parts of the year, August and Sep-

tember, and utilizing storage in San Luis Reservoir in the
Operation of the SWP and CVP has affected the seasonalearlier part of the year, May through July, does not pc-
and monthly pattern of Delta inilows; exports, and out-nalize the system as much as it would under the no- action
flows. Generally, winter and spring inflows and outflowsalternative. Average monthly pumping diversions during
have been decreased, while summer and early fall inflowsthe wet season range from 4,557 cfs to 6,812 cfs with an
and outflows have been increased. Upstream of the Delta,average of 6,137. During the dry season, the Correspond-
the projects and local facilities have altered flow regimes,ing range is 2,134 cfs to 3,906 cfs with an average of 3,265
habitat, and fish populations on the Sacramento, San Joa,cfs.
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Table 5-5
Average of Monthly SWP Exports Over 57-Year Study Period (values in cfs)

Month No-Action 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B Percent
CVP SWP SWP SWP SWP SWP SWP SWP SWP SWP SWP SWP Change
(1) (2) (3) 0,8 (4)

January 4229 6718 6814 6794 68 14 6803 6806 68 12 6806 68 12 6779 68 19 1 °40
February 4297 6737 6712 6743 6712 6741 6719 6739 6719 6739 6742 6737 0.03
March 4167 5923 5937 5914 5930 5900 5930 5885 5930 6885 5927 6873 -0.64
April 4268 4339 4508 4545 4502 4551 4505 4557 4505 4557 4517 4582 5.02
May 2979 2538 2535 2547 2538 2547 2539 2547 2539 2547 2541 2547 0.35
June 2939 2094 2120 2132 2124 2133 2125 2134 2125 2134 2128 2135 1.91
July 4275 3732 3813 " 3867 3845 3871 3849 3875 3849 3875 3364 3878 3.83
August 4374 2967 3227 3467 3311 3522 3330 3581 3330 3581 3390 3627 20.69
September 4482 2545 2951 3351 3100 3449 3133 3549 3133 3549 3245 3626 39.45
October 4093 3903 3927 3906 3921 3906 3918 3906 3918 3906 3909 3906 0.08
November 4250 6036 6098 6211 6176 6215 6182 6219 6182 6219 6202 6222 3.03
December 4260 6440 6553 6608 .6575 6608 6578 6608 6578 6608 6590 6608 2.61

1) CVP operation is identical in all alternatives.
2)SWP export numbers for all attenatives include wheeling of CVP released water as per the Coordinated Operation Agreement.
3)The Preferred Alternative
4) Difference between the No-Action and the Perferred Alternatives.

OtherAlternatives. All Other alternatives assume the same Water supplies for export by the CVP and the SWP are
Delta iuflows and the same maximum export rate as theobtained from surplus Delta flows, when available, and
preferred alternative. The monthly export operation of allfrom upstream releases when Delta surplus flows are not
the other alternatives, along with the preferred alterna-available. These surplus flows and releases enter the Del-
tive is shown in Table 5-5. ta primarily via the Sacramento River and thenflow by

various routes to the pumps in the south Delta. Some of
these flows are drawn to the pumps through interior Delta

Reverse Flow channels, facilitated by the Delta Cross Channel. Howev-
er, because the channels are not large enough, insuffi-
cient amounts of water pass through the north DeltaA primary objective of the NDP is to reduce reverse flow channels.and related adverse impacts. Reverse flow disorients mi-

gratory striped bass, salmon, and steelhead. Reverse flowThe bulk of the remaining water flows down the Sacra-
further increases the impacts on fish by pulling small fishmento River to its confluence with the San Joaquin River
from the west Delta nursery area toward the pumping in the west Delta, then around Sherman Island and back
plants. Reverse flow occurs when the net flow in the west upstream. When fresh water outflOW is low, water in the
Delta channels is in the upstream direction,k It is Corn- west Delta becomes brackish, because it mixes with saltier
puted as the sum of the tidally averaged flow in the lowersea water entering as tidal inflow and is drawn upstream
San. Joaquin River north of Bradford Island, False Riverinto the San Joaquin River and other channels by the
south of Bradford Island, and Dutch Slough west of Taylor pumping plants.
Slough (Fig. 5-3).

To maintain Delta water quality as required by SWRCB
Decision 1485, the salt water must be repelled by more

Pumping by the SWP and CVP in the south Delta are theDelta outflow. This additional Delta outflow, often pro-
primary cause of reverse flow. Delta consumptive use for vided from reservoir releases, is called "carriage water".
agriculture and pumping by the Contra Costa Water Dis-(Figure 2-5). A primarybenefit of reducing reverse flow is
trict also contribute to a lesser extent. An inefficient Del- a corresponding reduction in carriage water, which resuIts
ta channel system contributes to the reverse flow prob- in greater SWP reliability (see Impacts on SWP Opera-
lem. The massive amount of water driven in and out of tions~
the Delta by tidal action (on the order of 200,000 cfs)
dwarfs the actual fresh water outflow and considerably Reverse flow can be reduced by improving hydraulic con-
complicates the reverse flow analysis, ditions in the north Delta, which would encourage more
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Dutch Slough

Figure 5-3. Delta Channels Defining Reverse Flow

water to follow the desirable path (Figure 2-6) and makesubstituted for the transfer rate associated with the base
the Delta more efficient. By increasing the flow through case. With the new transfer rate, a set of carriage water
the Delta Cross Channel and Georgiana Slough towardcurves was derived for each alternative selected for de-
the San Joaquin River in the central Delta, reverse flowstailed environmental impact analysis.
are reduced in the lower San Joaquin River. Impacts on

Second, using the alternative carriage water curves, thereverse flow of the various north Delta alternatives were
SWP simulati0n program, DWRSIM, was used to simu-evaluated for five representative year types: wet, above
late operations with a range of north Delta alternatives.normal, below normal, dry, and critical (Table 5-6). The
These simulations provided monthly simulated data forevaluation was conducted in a three-step modeling pro-
the 1922-1978 historic data period, including Delta in-cess.
flows, outflows, consumptive use and exports.

Third, these data, in turn, provided the boundary condi-First, the DWR/RMA Delta Hydrodynamic model was tions for operation of the DWRDSM, which was used toused to evaluate the impact of the north Delta alterna-simulate monthly average channel flows and salinities inrives on the transfer rate, which defines the proportion of
Delta channels for wet, above normal, below normal, dry,.

Sacramento River flow entering Georgiana Slough andand critical years. During the alternative analysis pro-
the Delta Cross Channel It wasassumed that the Deltagram certain alternatives were dropped from further con-
outflow-salinity relationships described by the Export-sideration and remaining alternatives were refined.
Salinity equation (see Supplemental Documentation to
Appendix A of the DWR Memorandum report, Opera- In general it was found that reverse flow in the west Delta,
tions Criteria Applied in DWR Planning Simulation Model as well as other channel flows in the study area varied pre-
(February 1986) were not changed, except that the trans-dictably and smoothly with north Delta channel convey-
fer coefficient associated with each alternative could beance capacity. It was thus possible to estimate impacts of
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Table 5-6
Total Monthly Average Flows in the San Joaquin River, Dutch Slough, and False River

SAN JOAOUIN RNER, DUTCH SLOUGH, AND FALSE RIVER
NO SOUTH DELTA FACIU~ES

CFS (MINUS ~GN IN~CATES REVERSE FLOW)

REPRESENTA~VE CRI~CAL YEAR
ALT OCT NOV E~(~3 JAN FEB MI~R APR MAY JUN JULY ~ SEP

1 -700 -1300 -2550 -1600 -3000 -3750 -1650 -550 -1500 -900 -900 -1000
2A 400 -200 -1650 -950 -2150 -3100 -1100 100 -835 -600 -500 -950
2B 1700 1300 -500 -300 -1350 -2400 -400 700 -100 5’0 5D -600
3A 800 250 -1350 -850 -1800 -2950 -95,0 200 -700 -500 -350 -850
3B 1850 1650 -350 0 -1050 -2050 -150 1000 150 300 300 -400
4A 850 350 -1250 -800 -1750 -2900 -900 250 -650 -400 -300 -850
4B 2000 1900 200 300 -750 -1700 150 1350 400 500 600 -150
5A 850 350 -1250 -800 -1750 -2900 -900 250 -650 -400 -300 -850
5B 2000 1900 -200 -300 -750 -1700 -150 1350 400 500 600 -150
6A 1200 700 -1000 -650 -1500 -2700 -750 400 -500 -300 -200 -800
6B 2100 2100 150 600 -500 -1400 400 1550 500 650 750 150

REPRESENTATNE D~Y Y~AR
ALT DCT NOV CEC JAN FEB MAR APR MAY JUN JULY At.X~

1 -2240 -1200 -3700 -5200 -3800 -3950 -1700 200 -950 -3900 -1200 -1400
2A -1860 -100 -3050 -5200 -3000 -3150 -1050 900 -100 -3450 -850 -1250
2B -1060 -1250 ~ -2150 -5200 -2350 -2200 -100 1800 850 -2250 -400 -1050
3A -1700 250 -2850 -5200 -2850 -2900 -850 1200 200 -3200 -700 -1200
3B -800 1450 -1850 -5200 -2100 -1800 0 2000 1000 -2000 -200 -1000
4A -1660 350 -2800 -5200 -2750 -2800 -800 1300 250 -3100 -650 -1200
4B -600 1700 -1400 -6200 -1900 -1350 200 2100 1200 -1700 0 -950
5A -1650 350 -2800 -5200 ,-2750 -2800 -800 1300 250 -3100 -650 -1200

6A -1500 650 -2600 -6200 -2600 -2650 -600 1500 450 -2800 -600 -1150
6B -450 1750 -1150 -5200 -1800 -1000 250 2150 1350 -1550 200 -850

REPRESENTA~VEBELOW NORMALYEA~
ALT OCT NOV E~C JAN FEB MAR APR MAY JUN JULY AUG SEP

1 -2700 -3400 -1600 -4700 -4450 -7500 -2100 450 -800 -4000 -3250 -1650
2A -1700 -2350 ;600 -4700 -4450 -7500 -800 1150 0 -3000 -2750 -1600
2B -550 -1050 700 -4700 -4400 -7250 450 2000 900 -1750 -2250 -1500
3A -1350 -2000 -200 -4700 -4450 -7000 -400 t450 250 -2600 -2550 -1550
3B -400 -700 850 -4700 -4400 -6850 600 2200 1150 -1450 -2150 -1500
4A -1300 -1900 -10.0’ -4700 -4400 -7000 -300 .1500 300 -2550 -2500 -1550

4B -200 -400 900 -4700 -4400 -6850 650 2400 1300 -1250 -2050 -1600
5A -1350 -1900 -100 -4700 -4400 -7000 -300 1500 300 -2550 -2500 -1550
5B -200 -400 900 ~ -4700 -4400 -6850 650 2400 1300 -1250 -2050 -1600
6A -1000 -1600 200 -4700 -4400 -7350 100 1700 550 -2300 -2450 -1500
6B -150 -300 1000 -4700 -4400 -6850 650 2550 1350 -1150 -2050 -1600

REPRESENTATNEABOVENORMALYEAR
ALT OCT NOV D=~3 JAN FEB MAR APR MAY JUN JULY AUG

1 -2150 -1450 -1700 -2750 6550 7450 -3600 4850 500 ~3450 -4350 -3400
2A -1200 -350 -750 -2750 6550 7450 -3100 6200 1600 -2450 -3400 -2850
2B -100 1100 450 -2750 6550 7450 -3100 7900 3000 -1200 -2250 -tg00
3A -850 0 -400 -2750 6550 7450 -3100 6650 2000 -2100 -3100 -2600
3B 50 1450 700 -2750 6550 7450 -3100 8050 3150 -900 .2100 -1650
4A -800 100 -300 -2750 6550 7450 -3100 6800 2100 -2000 -3000 -2500
4B 100 1700 800 -2750 6550 7450 -3100 8200 3250 -700 .2000 -1500
5A -800 100 -300 -2750 6550 7450 -3100 6800 2100 -2000 -3000 -2500
5B 100 1700 800 -2750 6550 7450 -3100 8200 3250 -700 -2000 -1500
6A -550 400 0 -2750 6550 7450 -3100 7200 2400 -1750 -2800 -2300
6B 150 1800 900 -2750 6550 7450 -3100 8300 3350 -500 -1950 -1400

REPRESENTATIVEWETYEAR
ALT          CCT          N~V          ~          JAN          FEB          MAR          ,aPR          MAY          JUN          JULY          AUG

2A 1350 -175 -2750 5500 8200 12150 10150 3850 4300 900 -1800 ~2100
2B 1750 300 -2550 7250 8100 12000 10000 5000 5300 1700 -1150 -1950
3A 1450 0 -2700 6100 8200 12100 10150 4200 4550 1200 -1550 -2050
3B 1900 600 -2500 7750 8100 12000 10009 5200 5600 1950 -1000 -1950
4A 1500 50 -2650 6200 8200 12100 10100 4350 4600 1250 -1500 -2000
4B 2020 700 -2400 8000 8100 12000 10000 5400 5800 2100 -950 -2000
5A 1500 50 -2650 6200 8200 12100 10100 4350 4600 1250 -1500 -2000
5B 2020 700 -2400 8000 8100 12000 10000 5400 5800 2100 -950 -2000
6A 1600 200 -2600 6500 8200 12100 10100 3600 4900 1400 -1350 -2000
6B 2150 750 -2300 8200 8000 12000 10000 5450 5900 2250 -950 -2060

DESCRIPTK~I OF ALTERNATIVES

1 No-A~on 4A 6-8-10k SFK. Mok., Dredge NFK Mok.
2A Dredge So. F~. Mok. 4B 6-8-1~k SF~ Mo~., Dredge NFK Mok., ~500sf DXC
2B Dredge So. Frk. Mok.,4500sf DXC 5A 6-8-14 NFK. M~.,D~’edge SFK. Mok.
3A Dredge NFK, SFK Mok. 5B 6-~14 NFK. Mok.,Dredge SF~ Mok., 4500sf DXC
3B Dredge NF~ SFK Mok., 4500sf DXC 6A S~ten Island Roodway

6B Staten Island Floodway, 4500sf DXC
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Representative Critical Year                                           Representative Dry Year
[] No Action                      [] P~fetred (SB)                                 [] No Action                      [] Preferred (SB)

OCT NOV DEC .rAN FEB MAR APR MAY JUN JUL AUO SEP OC~ NOV D~C JAN FEB MAR APR. MAy JUN JUL AUG S!~P

Months Months

Representative Below Normal Year         Representative"A~ove Normal Year
[] No Action [] Preferred (SB) [] No Action [] Preferred (5B)

12000 12000

~ r~ .~
o ~ t- ~ o t~ ~

O~ NOV DEC JAN F~ MAR A~ ~Y JUN JUL AUG S~ ~ NOV D~ 1AN F~ MAR A~ MAY JUN IUL AUG S~

Months Months

Representative Wet Year
[] No Action [] Preferred (SB)

OCT NOV DEC JAN FEB MAR AFR. MAY JUN JUL AUG SI~P

Months

Figure 5-4. Average Monthly Reverse Flow for Representative Year Types
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Table 5-7    "
Reverse Flow Reduction from Base Case Monthly Average (cfs)

Representative Year Types
Alternative [ Criticall :Dry [ Below Normal l Above Normal ] Wet

1 N/A -N/A N/A N/A N/A
2A 700 600 600 700 800
2B 1,500 1,100 1,400 1,600 1,300
3A 900 800 900 900 900
3B 1,700 1,500 1,500 1,700 1,400
4A 900 800 900 1,000 1,00
4B 2,000 1,800 1,600 1,800 1,500
5A 900 800 900 1,000 1,000
5B 1,900 1,800 1,600 .. 1,800 1,500
6A 1,100 1,000 1,100 1,200 1,000
6B 2,200 1,900 1,700 1,900 1,600

refined alternatives on specific channel flows by interpo-alternative is decreased from the base condition by
lation from predictions based upon the original set, for1900cfs for the critical year, by 1800 cfs for the dry year, by
whichthethreestePanalysisprocesshadbeencompleted.1600 cfs for the below normal year, by 1800 cfs for the
This interpolation was facilitated by .relating a "reverseabove normal year, and by 1500 cfs for the wet year. (see
flow index" to the specific monthly average flows of inter- Fig. 5-4).
est. The model runs show the relative improvements of
each alternative compared to the base condition. Other Alternatives. If o(her alternatives would be implem-

ented the reverse flows would also decrease. The range of
The modeling runs have confirmed that an increase inimprovement in average monthly reverse flows for repre-
flows through the Delta Cross Channel and through thesentative year types from the base condition canbe seen in
northeastern sloughs reduce the net reverse flow. Table 5-6. Table 5-7 summarizes the incremental im-

provement, i.e. reduction, inreverse flowfor each repre-
The reverse flow index is the computed reverse flow for a sentative year type.
given alternative for a specific, fixed set of river flow and
tidal conditions. It was found that monthly reverse flowsState Water Project Reliability
for different year types varied in proportion to the reverse
flow index associated with each alternative. The range ofThe NDP will increase the reliability of SWP deliveriesby:
proposed north Delta alternatives will improve the re-

1) Reducing reverse flow in the lower San Joaquin Riv-verse flow situation, but they will not eliminate it com-
pletely. During high-outflowperiods there will be all pos- er, which will improve water quality and allow in-

itive flow in the lower San Joaquin River, whereas during creased diversions. This will be accomplished by

certain low-flow periods with high project demands there ¯ channel improvements of key north Delta channels.

will most likely be some reverse flow with all channel con-2) Reducing the carriage water required for Delta out-
figurations. Any increase in the efficiency of the system flow, thus increasing the amount of water stored in
will have a continuous benefit in reducing reverse flow. SWP facilities. This will increase the percentage of

time during which project demands can be met.
No-action Alternative. Under the No-action alternative,
the reverse flows in the Lower San Joaquin River would3) Improving the flexibility of seasonal SWP diversions.
be similar to what they are today, because current opera- Improvements in the Mokelumne River and Delta
tions are constrained by SWRCB Decision 1485. Cross Channel hydraulic capacity would allow for

temporary closures of the Delta Cross Channel when
PreferredAIternative. Under the preferred alternative, re- concentrations offish, larvae or eggs are high and for
verse flow conditions will improve. The average yearly re- increased diversions from the Sacramento River at
verse flow for representative year types with the preferred less critical times.
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Improving levees on islands adjacent to channel en-The operational strategy of SWP reservoirs is also impor-
largements. This will decrease the potential for_ leveetant in determining SWP supplies. SWP facilities opera-
failures and salinity intrusion, tions require a decision of how much water to release in

the current year for delivery and how much to store for
SWP’s capability for providing water deliveries is deter- insurance against unknown subsequent water conditions.
mined by the same factors which determine the SWPThere is a trade-off between the level of current deliver-
monthly operational patterns (see "Monthly Operationalies and the acceptable level of risk in case of insufficient
Changes" in this chapter), future water supplies. Short-range decisions for the oper-

Total annual unimpaired Delta inflows can range fromation of SWP facilities are made with an annual "rule

less than 7 MAF to more than 70 MAF. Storage facilities curve." The rule curve is further discussed in Chapter 1

north and south of the Delta help stabilize the annual wa-under "State Water Project Operations."

supply, but hydraulic constraints and Delta protectiveThe nature of the factors for SWP delivery capability
criteria restrict diversions. Delta protective standards inmentioned in the preceding paragraph means that the
Decision 1485, as well as mitigation agreements and otheramount of water the SWP can deliver to its water contrac-
contracts, restrict diversions and reserve surplus watertors will vary yearly. Future entitlement requests bywater
supplies for Delta protection. These factors, which affect contractors may not always be met, even in non-critical
the SWP delivery capability, are discussed in greater de-years. Table 5-8 shows the total annual entitlement water
tail in Chapter 3 under "Operational Considerations." requested by water contractors and delivered by SWP

from 1967 through 1988.. Data for Table 5-8 was extracted
from the DWR Bulletin 132 series (Management of the
California State Water Project), published annually.

Table 5-8. Annual SWP Entitlement Water
Delivered (Acre-feet) The NDP, discussed at length in Chapter 3 urtder "Corn-

Year Requested1 Delivered2 parison of Physical and Operational Features," will result
1967 11,888 56,763 " in more efficient use of available water supplies.
1968 26%000 294,457
1969 248,800 268,104 Reducing the amount of water needed in the Delta tO

1970 252,787 369,459 maintain proper circulation patterns and adequate water

1971 375,590 654,442 quality increases usable SWP storage upstream of the
Delta and will allow: 1) increased flexibility in exporting1972 820,640 1,031,770

1973 984,700 737,604 water, 2) increased water storage in upstream facilities
that can be used for recreation or wildlife enhancement,1974 1,146,650 878,947

1975 1,311,260 1,230,830 and 3) subsequent use of this water during dry or critical

1976 1,488,870 1,380,124
periods. Overall, total annual SWP diversions for each al-
ternative exceed total SWP. diversions for the no-action1977 1,660,538 582,381

1978 1,828,624 1,458,733
alternative. These diversion increases are dispersed

1979 1,855,1303 1,666,457
throughout theyear. Increasing annual SWP exports usu-

1980 1,880,386 1,530,256 ally increases the frequency with which project demands
can be met in all water year classifications.1981 1,876,707 1,918,563

1982 2,342,576 1,750,680 Since SWP deliveries are variable, the reliability of SWP
1983 2,365,818 1,187,156 deliveries is always of great importance to swP water con-
1984 1,567,520 1,591,416 tractors. The reliability of SWP deliveries may be demon-
1985 1,891,849 1,990,279 strated by the frequency, duration, and magnitude of dell-
1986 2,364,193 1,999,155 ciencies in deliveries. It may be represented by the fre-
1987 2,760,920 2,131,608 quency with which entitlement requests are met or by the
1988 2,625,328 2,383,570 ratio of the volume of delivered water to requested water

1Requested amounts taken from DWR Bulletin 132 series over an extended study period. Reliability may also be in-
and do not include requests for surplus water, dicated by the average annual SWP delivery over an ex-

2Delivered amounts from Table B-,SB in Bulletin 132-89. tended study period or by the SWP delivery during dry pe-
riods. However it is examined, the reliability of SWP de-
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Table 5-9
Summary of SWP Delivery Capability Analysis

Alternatives INo-actionl 2AI ~ I AI ~ I 4A I 4B 5AI 5B 16AI 6B

1. Entitlement Request
(excluding losses) TAF/YR3,703 3,703 3,703 3~703 3,703 3,703 3,703 3,703 3,703 3,703 3,703

2. Number of years entitle-
ment request not met (out
of 57 years in study) 44 43 40 41 39 4! 39 41 39 41 39

3. Frequency of shortages
in SWP deliveries (%) 77 75 70 72 68 72 68 72 . 68 72 68

4. Average annual dry period
supply, TAF/YR 2,211 2,315 2,386 2,345 2,394 2,350 2,398 2,350 2,398 2,365 2,399

5. 57-year average annual
delivery, TAF 3,021 3,095 3,153 3,117 3,158 3,130 3,160 3,130 3,160 3,140 3,165

6. Volumetric reliability (%) 82 84 85 84 85 85 85 85 85 85 85

1. Alternative 5B represents the Preferred Alternative.
2. Entitlement request is based on Bulletin ~.32-88 projections for the 2000 level of development.

3. Frequency of shortage is computed as the number of years entitlement request was not met divided by the study period of 57 years, 1922-1978.

4. Average annual dry period supply is computed as tlie total deliveries made during the period March ~_928 through February 1934, divided by 7 delivery years..

5. Volumetric reliability is computed as the 57-year average divided by the entitlement request.

liveries is directly related to the capability of SWP to deliv- the Delta. The operation studies for both the No-action
er water to entitlement holders and to the flexibility with alternative and the preferred and other alternatives use
which the SWP can stor~ surplus water over the wet sea- the concept of the 1990 SWP risk delivery curve, devel-
son. oped by the Division of Planning, to establish strategy for

SWP operations.
The water supply capability of the SWP has traditionally
been expressed in terms of its "firm yield." Firm yield isThe ’~kverage Annual Dry Period Supply" is generally
the dependable annual water supply that can be madeconsidered the most realistic expression of the capability
available during extended dry periods without exceedingof the SWP to deliver water during extended dry peri-
specified allowable reductions in deliveries to agriculture,ods.The "57-Year Average Annual Delivery" shows the
The firm yield of the SWP is influenced by the same fac- average delivery capability of the SWP under the wide
tots that determine SWP delivery capability, range of hydrologic conditions characteristic of the histor-

ical 57-year period of 1922 through 1978.
Table 5-9 shows values of other parameters which help
describe the reliability of SWP deliveries for each alterna-The parameters mentioned above; as well as others shown
rive. These values are derived from the operation studiesin Table 5-9, together indicate the nature of the reliability
conducted in support of the NDP. The operation studies,of each alternative.
discussed in detail in Appendix C, simulate the operation
of the SWP during the 57-year study period of 1922No-Action Alternative. Under the no-action alternative,
through 1978 under various assumptions, the average annual dry period supply is 2,211 TAF/year.

Annual SWP deliveries will fall short of entitlement re-
For all of the alternatives, including the No-action, en-quests 77 percent of the time. The Volumetric Reliability
titlement requests are 3.8 MAF each year for the 57-year (total volume of deliveries over the 57-year study period
period. Delta inflow, outflow, and diversions comply withdivided by total volume of entitlement request over the
Decision 1485 Delta water quality and flow standards andsame period) is 82 percent.
agreements. The monthly average values for the pre-
ferred alternative and other alternatives reflect the as-PreferredAlternative. Under the preferred alternative, the
sumptions of no Los Banos Grandes and no Kern Watervalues of all of the indices in Table 5-9 indicate SWP deliv-
Bank, and the capability of SWP to divert 10,300 cfs fromery reliability improves compared to the no-action alter- ’
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native. Dry period deliveries are increased by over 8 per-tegral part of the Bay-Delta food chain. None of the al-
cent (approximately 190 TAF/year) compared to the no-. ternatives under considerationwill change Delta outflow
action alternative. The 57-year Average Annual Delivery enough to change the entrapment zone location or char-
increased by almost 5 percent over the no-action alterna-acteristics.
tive. This is reflected in the 3 percent improvement in
Volumetric Reliability of the SWP compared to the no- No-action Alternative. Delta outflow will vary, depending
action alternative. On project pumping restrictions, water quality standards,

and hydrologic conditions in the Delta. The highest out-
Other Alternatives. The other alternatives provide water flows will occur during the winter and spring rfionths (De-
supply reliability improvements in most categories. Im-cember to June). During these months, the average daily
provements in the Average Annual Dry Period Delivery outflow is almost 25,500 cfs. The drier months (July to No-
for all of the alternatives range from almost 5 percent tovember) have an average outflow of about 6,300 cfs.
over 8 percent compared to the no-action alternative.Monthly Delta outflow ranges from a minimum of about
Volumetric Reliability is also improved for all of the alter- 3,000 cfs during critical years to a maximum of almost
natives (over 2 percent to almost 5 percent). The alterna-80,000 cfs during wet years. Table 5-10A shows the aver-
fives that include Delta Cross Channel Gate enlarge-age monthly Delta outflows for the No-action condition
ments consistently provide greater water supply reliabilityover the 57-year study period.
benefits than any of the other alternatives (listed in in-
creasing benefits: 2B, 3B, 4B, 5B (preferred alternative),Preferred Alternative. Substantial improvements are madeand 6B). Alternative 6B (Staten Island floodway with in the hydraulic efficiency and circulation pattern in the
Delta Cross Channel Gate enlargement to 4500 sf) pro-north Delta channels as a result of implementing the pre-
vides the greatest benefits to SWP water supply reliabilityferred alternative. The improved circulation pattern
than any of the other alternatives, would reduce the reverse flow conditions in the lower San

Joaquin River, thereby reducing the amount of Delta out-
Impacts on Delta Outflows flow required to maintain Delta water quality.standards.

As a result, the average monthly Delta outflow for the
Delta outflow is the water that flows through the Delta preferred alternative is generally smaller than the no ac-
and past Chipps Island to San Francisco Bay. Delta out-tion alternative. For the five water year classifications,
flow averages abou~ 13 MAF per year. The magnitude ofabout 20 percent of the time monthly Delta outflows are
this flow is dependent upon Delta inflow, export and de-higher than the no action alternative (averaging over 330
pletions of channel water within the Delta: Major Delta cfs higher monthly average flows), and about 32 percent of
inflow consists of the Sacramento River, San Joaquin Riv-the time they are equal. Almost 50 percent of the time,
er, and the Eastside Stream Group: The Sacramento Riv-monthly Delta outflows would be lower than the no action
er flow is categorized into the five main water year types alternative (averaging over 600 cfs lower).
as identified in Decision 1485 (wet, above normal, below
normal, dry and critical). Delta exports consist of CVP, Lowering the required outflow would increase the stor-
SWP, North and South Bay Aqueduct, and Contra Costa age of fresh water in reservoirs upstream of the Delta.
Canal pumping. Channel depletions occur due to crop ir-This additional storage could be used to either enhance
rigation, evaporation, and channel seepage. During nor-delivery capability of the SWP, or provide greater flexibil-
mal water years, Delta outflow is higher in winter and ity in maintaining water quality standards in the Delta
spring and decreases during summer and early fall. during critical years. Net Delta outflow varies between a

minimum of 2500 cfs during critical years and a maximum
Delta outflow consists of fresh water and establishes a hy- of 78,000 cfs during wet years. Table 5-10 A shows that
draulic barrier to prevent salt water from entering deepabout 55 percent of the time, monthly Delta outflows are
into the Delta and affecting municipal and agriculturalsmaller than the no:action alternative during the low flow
water supplies. This barrier is located in the vicinity ofmonths (June through September). The effect of this on
Chipps Island during normal Delta outflow periods. It is the Bay-Delta system is under investigation. Testimonies
here where fresh water meets salt water, called the en-and exhibits are currently being submitted to the SWRCB
trapment zone, that Delta outflows provide a nutrient richBay- Delta Hearings to determine the possible effects of

’ environment for a multitude of organisms that are an in-reduced Delta outflows.
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TABLE5-10A

Monthly Average Net Delta Outflows, 1922-1978
No South Delta A~ematlve

( Values In ~cublc f~t per s~ond )

NO ACTION ALTERNATNE PREFERRED ALTERNATWE (ALTERNATIVE 5B)

Month CRIT DRY BNOR ANOR WET ALL Mon~ CR~ DRY BNOR ANOR WET ALL
~ 6400 5200 7000 4800 7000 6200 CCT 6400 5100 7200 4800 7000 6200
NOV 6700 6400 7700 7000 11900 8600 NOV 6200 5600 7800 6600 11800 8200
EE~ 5600 6600 9700 12500 37100 18200 ~ 4700 6000 9400 12100 38100 18200
JAN 5300 10500 11400 15500 78000 33400 JAN 4700 9900 10800 15700 78600 33200
~ 5700 15600 26800 32200 78600 40100 FE~ 4900 15000 27200 32900 78800 40~00
MAR 5000 11600 19000 38100 53200 30500 MAR 4800 11600 19000 38500 53300 30600

APR 4800 8400 9100 22900 44400 22600 APR 4800 8300 9200 22800 44400 ’22500
MAY 4600 7600 9700 16700 32600 17500 MAY 4600 7600 9700 16700 32600 i 7500
JUN 3900 6300 8400 11400 20500 12000 JUN 3900 6300 8400 11400 20500 12000
JUL 4200 6200 6900 8300 9900 7600 JUL 4000 5700 7000 8400 9900 7500
AUG 3200 3900 5200 6500 7600 5700 AUG 3200 3600 4400 5400 6000 4800
S~P 3000 3700 4000 4000 4900 4100 S~P 2500 2700 2500 2800 3700 3000

ALTERNATIVE2A ALTERNATIVE2B

Mon~ CR~ DRY BNOR ANO~ WET ALL Mon~ CR~ DRY BNOR ANOR WET ALL
(~ 6400 5100 7000 4800 6900 6200 ~ 6400 5100 7100 4800 6900 6200
NOV 6400 5900 7700 6700 11800 8400 NOV 6200 5700 7600 6500 11700 8200
EEC 5100 6200 9500 12300 37700 18200 ~EC 4700 6000 9400 12100 38000 18100
JAN 5100 10100 11000 15700 78400 33300 JAN 4900 10000 11000 15800 78800 33000
~ 5100 15300 27100 32400 78800 40100 F~ 4600 15000 27100 32800 78800 40000
MAR 5000 11500 18900 38400 53300 30500 MAR 4600 11400 18900 38400 53400 30400
APR 4800 8400 9200 23000 44300 22600 " APR 4600 8300 9200 23000 44200 22200
MAY 4600 7600 9700 16700 32600 17500 MAY 4600 7600 9700 16700 32600 17500
JUN 3900 6300 8400 11400 20500 12000 JUN 3900 6300 8400 11400 20500 12000
JUL 4000 5600 6900 8400 9900 7500 JUL 3900 5700 7000 8400 9900 7500
AUG 3200 3700 4900 6300 7200 5500 AUG 3100 3700 4600 5800 6500 8100
S~a 2600 3200 3400 ’3200 4300 3500 SEP 2500 2700 2700 2800 3910 3100

ALTERNATIVE 3A ALTERNATIVE 3B

Month CRIT DRY BNOR ANO~ WET ALL Month CR~ DRY BNOR ANOR WET ALL
~ 6400 5100 ;7000 4800 6900 6200 ~ 6400 5100 7100 4800 6900 6200
N~V 6300 5900 7600 6600 11700 8300 NOV 6200 5600 7700 6500 11700 8300
[~3 " 4900 6000 9400 12200 37900 18200 ~ 4700 6000 9500 12100 38100 16200
JAN 5000 10000 10800 15700 78500 33300 JAN 4700 9900 10800 15700 78600 33200
F~ 5000 15200 27100 32600 78800 40100 ~ 4900 15000 27200 32900 78800 40100
MAR 4900 11500 18900 38400 53300 30500 MAR 4800 11600 19000 38500 53300 30600
APR 4800 8300 9200 22900 44300 22500 APR 4800 8300 9200 22800 44400 22500
MAY 4600 7600 9700 16700 32600 17500 MAY 4600 7600 9700 16700 32600 17500
JUN 3900 6300 8400 11400 20500 12000 JUN 3900 6300 8400 11400 20500 12000
JUL 4000 5600 7000 8400 9900 7500 JUL 4000 5700 7000 8400 9900 7500
AUG 3200 3700 4900 6200 7000 5400 AL~G 3200 3600 4500 5600 6200 4900
S~° 2600 3000 3100 3100 4200 3400 S~P 2500 2600 ¯ 2500 2800 3800 3000

ALTERNATIVE 4A ALTERNATIVE4B

Month CRIT DRY BNOR ANOR WET ALL Month CRff DRY BNOR ANOR WET ALL
CCT 6400 5100 7000 4800 6900 6200 CCT 6400 5100 7200 4800 7000 6200
NOV 6200 5900 ~ 7600 6500 11700 ,8300 NOV 6200 5600 7800 6600 11800 8200
[~EC 4900 6100 9300 12100 37800 18000 [~C 4700 6000 9400 12100 38100 18200
JAN 4900 10000 11000 15800 78800 33000 JAN 4700 9900 10800 15700 78600 33200
FE~ 4800 15000 27000 32600 78800 40000 ~ 4900 15000 27200 32900 78800 40100
MAR 4600 11400 18900 38400 53400 31400 MAR 4800 11600 19000 38500 53300 30600
APR 4600 8300 9200 23000 44200 ~2200 APR 4800 8300 9200 22800 44400 22600
MAY 4600 7600 9700 16700 32600 17500 MAY 4600 7600 9700 16700 32600 17500
JUN 3900 6300 8400 11400 20500 12000 JI3N 3900 6300 8400 11400 20500 12000
JUL 4000 5600 7000 8400 9900 7500 JUL 400~ 5700 7000 8400 9900 7500
AUG 3100 3700 4800 6100 7000 5300 AUG 3200 3600 4400 5400 6000 4800
S~P 2600 3000 3100 3000 4200 3300 ~ 2500 2700 2500 2800 3700 3000

ALTERNATIVE 5A ALTERNATIVE 6A

Month CRIT DRY BNOR ANOR WET ALL Month CR~    DRY BNOR ANOR WET ALL
CCT 6400 5100 7000 4800 6900 6200 CCT 6400¯ 5100 7100 4800 6900 6200
NOV 6200 5900 7600 6500 11700 8300 NOV 6200 5700 7600 6500 11700 8200
[~B3 4900 6100 9300 12100 37800 18000 ~ 4700 6000 ¯ 9400 12100 37900 18100
JAN 4900 10000 11000 15800 78800 33000 JAN 4900 10000 11000 15800 78800 33000
F~ 4800 15000 27000 32600 78800 40000 FE~ 4600 15000 27000 32600 78800 40000
MAR 4600 11400 18900 38400 53400 31400 MAR 4600 11400 18900 38400 53400 30400
APR 4600 8300 9200 23000 44200 22200 APR 4600 8300 9200 23000 44200 22200
MAY 4600 7600 9700 16700 32600 17500 MAY 4600 7600 9700 16700 32600 17500
JUN 3900 6300 8400 11400 20500 12000 JUN 3900 6300 8400 11400 20500 12000
JUL 4000 5600 7000 8400 9900 7500 JUL 4000 5600 700~ 8400 9900 7500
AUG 3100 3700 4800 6100 7000 5300 AUG 3100 3700 4800 6000 6800 5200
S~P 2600 3000 3100 3000 4200 3300 S~P 2500 2800 2900 2900 4000 3200

ALTERNATIVE 6B

Month CRIT DRY BNOR ANOR WET ALL
OCT 6400 5100 7200 4700 7000 6200
NOV 6100 5500 8000 6600 11800 8400
[~EC 4300 6000 9400 12000 38300 18200
JAN 4900 10000 11000 15800 78800 33000
FE~ 4400 15000 27200 33000 7~800 40000
MAR 4600 11400 18900 38400 53400 30400
APR 4600 8300 9200 23000 44200 22200
MAY 4600 7600 9700 16700 32600 17500
JUN 3900 6300 8400 11400 20500 12000
JUL 3900 5700 ~ 7000 8400 9900 7500
AUG 3100 3600 4200 5100 5600 4600
S~P 2500 2500 2500 2700 3600 2800
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Other Alternatives. All of the other alternatives provide elevation precipitation runoff and in the spring from the
improved hydraulic efficiency and reduced reverse flow Sierra snowmelt and project water releases.
conditions to various degrees. The degree of reverse flow
reduction directly correlates to the degree of requiredThe effects of pulse flows on the Delta and Bay estuary

Delta outflow reduction. About 17 to 22 percent of the are still not completely understood. The current SWRCB

time, monthly Delta outflows for all of the other alterna-
tives are higher than the no-action case. About 23 to 33Bay-Delta Hearings are addressing this interrelationship

percent of the time monthly Delta outflows remain un- through testimony presented by public agencies, local en-

changed and between 50 to 57 percent of the time monthlytities, and private interest groups.

Delta outflow is less than the no-action alternative. Delta outflow pulse volumes are classified into four cate-
gories:

In general, compared to the no-action alternative, all of̄ between 25,000 cfs and 50,000 cfsthe alternatives reduce monthly Delta outflow in terms of
percent time during low-flow periods, but alternatives̄ between 50,000 cfs and 75,000 cfs
with Delta Cross Channel Gate improvements also pro-̄ b~tween 75,000 cfs and 100,000 cfs
vide less Delta outflow in terms of flow compared to al-
ternatives without gate improvements (over 17 percent̄ over 100,000 cfs
less flow during low-flow months). Modeling results indi- (See Table 5-10 B. )
cate that the Delta Cross Channel Gate improvements is .
one of the key elements to increase flow into the centralAn outflow pulse is measured from the time when outflow
Delta which will help reduce reverse flow. In general, re- increases sharply on the hydrography curve to the time
verse flow reduction means less Delta outflow will be re- when the outflow levels off. The flow difference between
quired to repel salt water intrusion into the Delta to main-the high and low positions on the curve is the magnitude
tain water quality standards, of the pulse and is classified into one of the four categories

mentioned above.

Impacts on Delta Outflow Pulses Duration and frequency are other aspects of outflow
pulses that can be impacted. Duration is the length of time

Delta outflow pulses are flows past Chipps Island that ex- the pulse flow occurs. A pulse must occur a minimum of
ceed the base flows. Pulses can occur throughout the yearfive days to be counted as a pulse flow. Pulse duration and
but usually occur during late fall and winter due to lowervolume are interrelated: the higher the volume, the long-

Table 5-10 B
Comparison of Number of Pulses of Large Delta Outflows, 1955-1978

Delta Outflow (cfs)

Condition                  25,000--50,000 50,000--75,000 75,000--100,000 I > 100,000
avg. of 34,500 avg. of 64,000 avg. of 96,000 I     avg. of 188,000

Historical 29 9 9 20

No-action alternative (no south and
north Delta improvements; outflows.
adjusted to reflect 3.8 MAF SWP
demands) 29 12 8 16
Preferred Alternative (no south
Delta, LBGG, or KWB projects) 29 12 " 8 16
Other alternatives (no south Delta, "
LBG, or KWB projects) 29 12 8 16
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er the duration time. Frequency is the rate at which a cer-Canal (CCC) intake on Rock Slough, the North Bay
tain flow interval occurs. Historically, smaller pulses tendAqueduct intake on Barker Slough, and offshore diver-
to have higher frequencies than do large pulses, sions in the western Delta from Antioch to Crockett.

Table 5-10 B shows the historical condition, the no-ac-Decision 1485 municipal and industrial standards for the
tion, and the preferred alternative condition for waterCCC intake and for Antioch are similar, but they allow
years 1955 through 1978. The table categorizes pulses intouse of CCC supplies as a substitute for those at Antioch
volume ranges, where in each range the average flows andwhen offshore water quality is inadequate for the in-
the number of pulses are identified. The no-action condi-tended use. The 250 mg/l maximum mean daily chloridgs
tion corresponds to the "existing facilities" catego-must always be met at the CCC intake. Also, a 150 rag/1
ry,whereas the preferred alternative and the other alter-maximum mean daily chloride standard must also be met
natives correspond to the "proposed facilities" category, for a specified portion of the year, depending on the water

year classification. The quality of these supplies is af-
No-Action Alternative. Under the no-action alternative, fectedbyDeltaoutflow, reverseflowin thelowerSanJoa-
SWP exports willbe limited to a maximum of 6,680 cfs dai- quin River, and local agricultural return flow.
ly average diversidn. The number of pulses below 25,000
cfs will remain the same compared to the historic condi-DWR has cdntracts with the city of Antioch, the Fibre-
tion. Pulses above 50,000 cfs will increase by three whileboard Corporation, and CCWD that establish formulas
the pulses above 75,000 cfs will decrease by two comparedfor State reimbursement for the additional cost of substi-
to the historic condition. For Delta outflows abovetute water from the Contra Costa Canal. The contracts
100,000 cfs, the. number of pulses will decrease by fourare discussed in Chapter 1 under "Delta Water Con-
compared to the historic condition. Flow averages do nottracts."
change significantly for flows below 100,000 cfs, but flow
averages decrease by over 4 percent for Delta outflows Appendix C shows projected salinities for various loca-
above 100,000 cfs compared to the historic condition, tions during the representative critical, dry, below nor-

mal, above normal, and wet years. However, since DeIta
Preferred Alternative. Table 5-10 B shows the changes the inflows and exports can vary, monthly salinities of the No-
preferred alternative will have on Delta outflow pulses, action and the other alternatives can vary substantially.
Compared to the no-action alternative, the preferred al-
ternative will produce very small changes to the averageNo-action Alternative. Under the No-action alternative,
pulse size for pulses smaller than 50,000 cfs and overDecision 1485 municipal and industrial standards would
100,000 cfs. For pulsesbetween 50,000 and 100,000 cfs, av-always be met, with the Contra Costa CanaI used at times
erage pulse size will not change, by the City of Antioch.

Other Alternatives. The impact of all the alternatives on PreferredAlternative. Under the preferred alternative, wa-
Delta outflow pulses will be approximately the same aster quality conditions at stations for monitoring corn-
that of the preferred alternative, pliance with Decision 1485 standards would be improved

more than by any of the other alternatives considered due
to a substantial reduction in reverse flow. Decision 1485

Impacts on Delta municipal and industrial standards would be met for all
Municipal and Industrial Uses years. Water quality conditionsat Antioch would be im-

proved in spring and summer months during the repre-
The water quality of SWP diversions during dry periodssentative critical and dry years. In general, under the pre-
can be substantially improved under the NDR There isferred alternative, the stations in the west Delta for Deci-
also a potential for significant improvements to the watersion 1485 municipal and industrial standards would expe-
quality of Contra Costa Water District (CCWD) and CVP rience moderate to substantial improvements in salinity in
diversions, spring and summer during the representative dry and crit-

ical years, and slight to moderate increases in salinity in
Major diversions from the Delta for municipal and indus-winter during the representative above-normal and wet
trial uses, other than the Delta-Mendota Canal (DMC) years. These trends reflect the difference in Sacramento
and California Aqueduct diversions, are the Contra CostaRiver flows, Delta exports, and net Delta outflow be-
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tween the preferred alternative and the No-acti0n alter-The preferred alternative will improve wdter quality (re-
native, duce TDS, chloride, and bromide levels), thus reducing

the formation of THMs in the south Delta. Figure shows
Dependable water quality in municipal and industrial wa-that for the wet water year that followed two critically dry
ter supplies is an important component of water supply re-years, and the critically dry water year, the preferred alter-
liability. The preferred alternative’s impacts upon SWPnative substantially improves TDS levels at the SWP in-
reliability, discussed in Chapter 5 under "SWP Reliabil-take gates.
ity," focused on water volume. Howeveri reliability is also
affected by water quality. Because the water quality of Other Alternatives. Under the other alternatives, water

SWP diversions is substantially improved during dry andquality at the various Decision 1485 municipal and indus-

critically-dry periods under the preferred alternative, the trial standards stations would be improved in the same

reliability of the SWP is improved. Additional work by manner as under the preferred alternative. Decision 1485

DWR to protect the State’s drinking water supply is dis- municipal and industrial standards would be met; howev-
er, water quality would generally not be improved as-cussed in Chapter 6.
greatly as with the preferred alternative.

Salinity levels in the Delta channels are also important toImpacts on Delta Agricultural uses
municipal and industrial water users. Chloride, one of theand Water Levels
salts found in Delta water, is monitored and controlled
through drinking water standards. Sodium in Delta waterThe NDP will maintain and slightly improve water quality
is also of health interest because of suspected effects onin the north and central Delta for agriculture and will sig-
the human circulatory system, nificantly improve water quality reliability.

In the west and interior Delta, agricultural uses of DeltasBromides, salts that enter the Delta from the ocean, can
combine to form cancer-causing chemicals called trihalo-water supplies can be affected by 1) the varying Delta out-
methanes O-~IMs). During the treatment of drinking wa- flows and the corresponding variations in salinity concen-

ter, the chlorine used as a disinfectant contacts the natu-trations, and 2) the buildup of saline agricultural return
rally occurring dissolved organic chemicals resulting fromflows. The NDP alternatives provide for improved circu-
plant decay. The reaction forms chloroform, a type oflation of water and a significant reduction in reverse flow.

THM containing chlorine and carbon. When bromidesNo-action Alternative. Under the No-action alternative,
are also present, these salts enter the chemical reaction,Decision 1485 agricultural standards would continue to be
creating THMs that contain bromine in addition to chlo-met, although at the expense Of overusing project waterrine and carbon, supplies. Agricultural concerns in the west Delta.would

continue to be periodically impacted by high salinity con-
The bromine-containing THMs present a number ofcentrations.
problems in drinking water. Their presence complicates
treatment processes because they react differently toPreferred Alternative. Under the Preferred alternative,
treatment methods than does chloroform. Since brominewater quality will be slightly improved but, more signifi-
has twice the molecular weight of chlorine, the presencecantly, water quality reliability will be greatly improved.
of bromide-containing THMs increases the difficulty of
meeting the weight-based drinking-water standard forOtherAlternatives. Under the other alternatives, improve-

THMs. There is also evidence that bromide-containingments to water quality and reliability will be greater than
those for the No-action alternative but not ds significantTHMs may be more carcinogenic than chloroform,
as the improvements under the Preferred alternative.

The potential .of Delta water to form bromide-containing Impacts on Channel Velocities
THMs is related to the concentration of bromides in the In this section, the relative change of channel water velo-
water and, thus, to the ocean-derived salinity level enter-cities produced by the various alternatives are considered
ing the Delta from the Bay estuary. The concentration ra- and analyzed for channel scour and siltation and for levee
tio of bromide to .chloride in sea water is about 1:300. Mea-erosion potential.
surements of Delta water indicate the relationship is simi-
lar, thus demonstrating that salinity intrusion from theScour and Siltation. Historically, scouring and silting of
Bay is a major source of bromides in the Delta. Delta channels has occurred due to natural erosion pro-
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cesses, but in recent times these processes have beensediment and channel bed material have grown signifi-
heavily influenced by and, at times, controlled by othercantly finer. This change has allowed channel velocities to
causes. Most of these other causes can be linked to devel-play a more important role in determining scouring and
opment and improvement in the Delta and upstreamsiltation.
areas. Chief factors are levee development, mining,
dredging, flood controI operation and development,The Sacramento River sediment load is carried by the riv-

deepwater shipping channel maintenance and enlarge-er past the points where the Delta Cross Canal and Geor-

ment, farming practices, and water routing and diverting:giana Slough connect with the river. The amounts of sedi-
ment transported through these channels can be esti-

Less obvious are some of the sediment transport and de-.. mated by using flow relationships modified by the effect of
position problems that can result from the constructionvelocity reductions or increases downstream in the Sacra-
and operation of large-scale water projects, such as: mento River and incorporating the effects of peak flow

periods.
decline of sand supply to coastal beaches;

The average annual measured sediment load of the Sacra-¯ deposition in project reservoirs that may reduce the mento River at Sacramento is about 2.7 million tonsoperating flexibility and capacity; (1974). The sediment is exhibiting a decreasing trend
¯ sediment accumulation at car~al bends, SiphOns, andwhich indicates that under the year 2020 projected level of

other structures in the project; development, the average annual sediment yield will be

¯ damage to turbine and pump parts; about 2 million tons. Whether these trends are due to the
effect of upstream water resource developments or if the

¯ deposition of silts in agricultural irrigation canals; river is still recovering from hydraulic mining in the nine-

¯ water treatment costs;
teenth century, or both, cannot be identified.

¯ navigational impairment; Sediment is an important consideration when evaluating
impacts of increasing or decreasing channel flow or of pro-

¯ recreational impacts; and viding flood flow channel capacity. The NDP has the po-
~ biological changes including fish and wildlife, tential to divert significant portions of the Sacramento

River sediment load, roughly in proportion to water diver-
Sediment can create major water quality problems,sions. Water diversions will include that which is from an
Chemicals, pesticides, bacteria, viruses, radioactive mate-actual increase in diversions and that which replaces all or
rial, and other wastes are assimilated and transported bysome of the lower San J0aquin River reverse flow.
sediment particles. Turbidity, caused by sediments in wa-
ter, has resulted in changes in fish species and can there-Sediment deposition occurs when channel velocities des
fore impact recreational use. Decreased turbidity due tocrease, causing the suspended sediment to be deposited
removal of sediment may stimulate algae and aquaticon the .channel bed. The alternatives considered include
plant growth. . barrier-type facilities in the south Delta to raise water

surface elevations upstream, thus increasing water stor-
The sediment load entering the Delta currently yariesage in the channels. The barriers may reduce the up-
from 3 to 5 million tons annually. The Sacramento Riverstream channel velocities, thus increasing the potential
supplies an estimated 80 to 94 percent of the total, de-for deposition. There remains a need for further analysis
pending on flow conditions. About 80 percent of the annu-of the potential sediment problems. If trends can be es-
al total is transported in the winter dur!ng high flows. Be- tablished based on current sediment loadings, then a
tween 10 and 30 percent of the 3 to 5 million tons of sedi-more definitive statement can be made.
ment is dr :ted in Delta channels, with about 5 percent
entering Clitton Court Forebay and the aqueduct, and theMonthly maximum channel velocities for Snodgrass
rest entering San Francisco Bay. Slough, Dead Horse Cut, and North and South Fork

Mokelumne Rivers have been analyzed from three rood-
The main factors affecting scouring and siltation are watereling runs using DWRSIM. The.Snodgrass Slough loca-
velocity and sediment size, shape, density, and cohesive-tion generally has the highest velocities and so provides
ness. Since construction of upstream water storage andthe basis for comparing the alternatives (Table 5~11). The
debris facilities on the major tributaries feeding the Delta,table indicates that in most year types velocities do not
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change significantly and that average channel velocitiestion emplaced due to erosion possibly caused by incoming
are well below scour velocities of 3 feet per second, flows and wave action from the Delta Cross Channel.

No Action Alternative. Scour and siltation processes will Jmpacts on Cross-Delta Flows
continue with no significant changes.

Changes in cross-Delta flows for the alternative opera-
Preferred Alternative. In most months of the 5 representa- tional plans have been evaluated. Increased flows in the
tive year types, average channel velocities are reducedDelta Cross Channel (Reclamation facility) and in Geor-
slightly. There will probably not be a significant change ingiana Slough are related primarily to Sacramento River
current scour patterns. There may be a slight increase ininflows and are therefore affected by upstream releases
sediment load in the north Delta channels due to:higherand natural flow conditions.
rates of diversion through the Delta Cross Channel..
However, the diversions occur when Sacramento River
flows are below 30,000 cfs, when sediment loads are rela-The operation of the Delta Cross Channel gates is dic-
tively low.. tated by Decision 1485 restrictions to protect salmon and

striped bass. For all the alternatives, gate operations re-
main the same. From January i to April 15, the Delta

Other Alternatives. Channel velocities (Table 5-1i) and Cross Channel gates are closed whenever the daily Delta
scour patterns will not change significantly. All the alter- outflow exceeds 12,000 cfs. From April 16 to May 31, the
natives will result in higher diversions through the DeltaDelta Cross Channel gates are closed for no more than
Cross Channel and thus will add somewhat to the sedi-two of four consecutive days for up t° 20 total days, based
ment load carried into the north Delta channels. Deposi-on input from DFG: The gates also are closed when Sac-
tion is expected tO be greatest with Alternatives 6A and
6B, which create a large open body of water with small net

ramento River flow at the I Street Bridge in Sacramentois
greater than 30,000 cfs. Otherwise, the gates remain open

velocities,                                            except for testing.

Levee Erosion. Flows in the north Delta are not high
enough to significantly harm levees. Field tests indicateThe efficiency of the Delta Cross Channel in diverting

that channel erosion will likely occur in the Delta when Sacramento River flow to the central Delta is expressed

the flow is greater than 3 fps. Table 5-11 shows that theby a value called the "transfer coefficient" Ohble 5-12lists

maximum channel velocities downstream of the Deltathe transfer coefficients for each alternative and for all

Cross Channel do not exceed 3 fps. This is because duringwater year classifications). The transfer coefficient is the

high flows, when Sacramento River flow is greater than Delta Cross Channel flow plus the Georgiana Slough flow

30,000 cfs, the Cross Channel gatds are closed, reducingdivided by the Sacramento River flow at the I Street

the flow entering the north Delta channels. This is evi-bridge. The higher the value, the more efficiently the Del-

dent in Table 5-11, which shows that velocities are signifi-ta Cross Channel diverts Sacramento River flow into the

cantly reduced during the high-flow period of Januaryinterior Delta.

through May, when the gates are normally closed.

Table 5-12 shows the ratio of cross-Delta flows to Sacra-
Levee erosion due to right angle flows has been identifiedmento River flows for five representative water years.
at two locations. On Staten Island, the levee at the southEach water year in Table 5-12 represents an actual water
end of Dead Horse Cut receives perpendicular flow fromyear that most closely resembles one of the five main wa-
Dead Horse Cut and has required extensive rock protec-ter year types.
tion.

Table 5-12 shows that during January through April for
On McCormack-Williamson Tract, the levee at the con- below- normal, above-normal, and wet years, the transfer
fluence of the Delta Cross Channel and Snodgrass Sloughcoefficient is much lower than during other months. Dur-
has recently been stripped of vegetation and rock protec-ing these months, the Delta Cross Channel gates are
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Table 5’12"
Ratio of Delta Cross-Channel and Georgiana Slough Flows to Sacramento River Flows**

Representative Critical Year

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jui Aug Sep

No-Action 0.33 0.36 0,38 0.46 0.41 0,40 0,45 0.45 0.44 0.45 0.48 0.48

2A 0.38 0.40 , 0.44 0.52 0.49 0.47 0.50 0.51 0.50 0.50 0.54 0.55

2B 0.45 0.46 0.51 0.58 0.56 0.54 0.57 0.57 0.57 0.57 0.61 0,62

3A 0.40 0.42 0.46 0.54 0.51 0.49 0.52 0.53 0.52 0.52 0.56 0.57

3B 0,45 0.47 0.52 0.61 0.58 0.56 0.59 0.60 0.59 0.59 0.63 0.64

4A 0.40 0.42 0.46 0.54 0.51 0.49 0.53 0.53 0.52 0.52 0.56 0.57

4B 0.46 0.48 0.53 0.63 0.60 0.58 0.61 0.61 0.61 0,61 0.66 0.66

5A 0.40 0.42 0.46 0.54 0.51 0.49 0.53 0.53 ° 0.52 0.52 0.56 0.57

5B **" 0.46 0.48 0.53 0.63 0,60 0.58 0.61 0.61 0.61 0.61 0.66 0.66

6A 0.42 0.44 0.48 . . 0.55 0.53 0.51 0.54 0.55 0.54 0.54 0.56 0.59

6B 0.46 0.49 0.55 0.64 0.61 0.60 0.62 0.63 0.63 0.62 0.68 0.68

Representative Dry Year

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action 0.43 0.34 0.41 0.15 0.39 0.39 0.39 0.40 0.41 0.38 0.46 0.46

2A 0.50 0.39 0.48 0.15 0.46 0.45 0.44 0.46 0.47 0.44 0.52 0.53

2B 0.56 0.45 0.55 0.15 , 0.54 0.52 0.51 0.52 0.53 0.51 0.58 0.60

3A 0.51 0.40 0.50 0.15 0.48 0.47 0:46 0.48 0.48 0.46 0.53 0,55

3B 0.58 0.46 0.57 0.15 0.56 0.54 0.52 0.54 0.55 0.52 0.60 0.62

4A 0.52 0.41 0.50 0.15 0.49 0.47 0.47 0.49 0.49 0.46 0.54 0.56

4B 0.60 0,47 0.59 0.15 0.57 0.56 0,54 0.56 0,57 0.53 0.63 0.64

5A 0.52 0.41 0.50 0.15 0.49 0.47 0.47 0.49 0.49 0.46 0.54 0.56

5B *** 0.60 0.47 0.59 0.15 0.57 0.56 0.54 0.56 0.57 0.53 0.63 0.64

6A 0.54 0,42 0.52 0.15 0,50 0.50 0.48 0.50 0.50 , 0.48 0.55 0.57

6B 0.62 0.47 0.60 0.15 0.59 0.57 0.55 0.57 0.58 0.55 0.63 0.66

Representative Below Normal Year

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Ju’l Aug Sep

No-Action 0.36 0.40 0.35 0.15 0.~5 0.15 0.38 0.41 0.40 0.37 0.39 0.45

2A 0,42 0,45 0.40 0.15 0.15 0.15 0.44 0.47 0.46 0.43 0.45 0.51

2B 0.49 0.50 0,47 0.15 0.15 0.15 0.52 0.53 0.53 0.49 0.52 0.58

3A 0.43 0.46 0.42 0.15 0.15 0.15 " 0.46 0.48 0.48 0.44 0.47 0.53

3B 0.49 0.50 0.47 0.16 0.15 0.15 0.52 0.53 0,53 0.49 0.52 0.59

4A 0.44 0.47 0.42 0~15 0.15 0.15 0.47 0.49 0.48 0.44 0.47 - 0.54

4B 0.50 0.53 0.48 0.16 0.16 0.15 0.54 0.57 0.56 0.52 0.55 0.64

5A 0.44 0.47 0.42 0.15 0,15 0.15 0.47 0.49 0.48 0.44 0.47 0.54

5B **~" 0.50 0,53 0.48 0.16 0.16 0.15 0.54 0.57 0;56 0.52 0.55 0.64

6A 0.45 0.48 0.44 0.15 0.15 0.15 0.49 0,50 0.50 0.46 0,49 0.55

6B 0.51 0.54 0.49 0.16 0.16 0.15 0.55 0.58 0.58 0.53 0.56 0.56
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Table 5-12" (Continued)
Ratio of Delta Cross-Channel and Georgiana Slough Flows to Sacramento River Flows**

Representative Above Normal Year

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action 0.37 0.36 0.36 0.16 0.13 0.12 0.14 0.30 0.32 0.36 0.37 0.39

2A 0.43 0.41 0.41 0.16 0.13 0.12 0.14 0.34 0.37 0.41 0.42 0.45

2B 0.50 0.47 0.48 0.16 0.13 O. 12 0.15 0.39 0.44 0.48 0.49 0.52

3A 0.45 0.43 0.43 . 0.16 0.13 0.12 0.15 0.35 0.39 0.43 0.44 0.47

3B 0.50 0.48 0.49 0.16 0.13 0.12 0.15 0.39 0.44 0.49 0.51 0.53

4A 0.45 0.43 0.44 0.16 0.13 0.12 0.15 0.36 0.39 0.43 0.45 0.48

4B 0.51 0.48 0.50 0.16 0.13 0.13 0.15 0.40 0.44 0.50 0.53 0.54

5A 0.45 0.~,3 0.44 0.16 0.13 0.12 0.15 0.36 0.39 0.43 0.45 0.48

5B °** 0.51 0.48 0.50 0.16 0.13 0.13 0.15 0.40 0.44 0.50 0.53 0.54

6A 0.47 0.45 0.45 0.16 0.13 0.12 0.15 0.37 0.41 0.45 0.46 0.49

6B 0.52 0.49 0.51 0.16 0.13 0.13 0.15 0.40 0.45 0.52 0.55 0.56

Representative Wet Year

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

No-Action 0.53 0.50 0.42 0.14 0.13 0.13 0.13 0.35 0.36 0.37 0.39 0.43

2A 0.58 0.56 0.48 0.14 0.13 0.13 0.13 0.40 0.41 0.43 0.45 0.50

2B 0.64 0.62 0.55 0.14 0.13 0.13 0.13 0.46 0.47 0.49 0.52 0.57

3A 0.60 0.57 0.50 0.14 0.13 0.13 0.13 0.41 0.42 0.44 0.47 0.51

3B 0.67 0.65 0.58 0.14 0.13 0.13 0.13 0.47 0.48 0.50 0.54 0.59

4A 0.50 0.58 0.50 0.14 0.13 0.13 0.13 0.42 0.43 0.44 0.47 0.52

4B 0.69 0.68 0.59 0.14 0.13 0.13 0.13 0.48 0.49 0.52 0.56 0.61

5A 0.60 0.58 0.50 0.14 0.13 0.13 0.13 0.42 0.43 0.44 0.47 0.52

5B *** 0.69 0.68 0.59 0.14 0.13 0.13 0.13 0.48 0.49 0.52 0.56 0.61

6A 0.61 0.59 0.52 0.14 0.13 0.13 0.13 0.43 0.44 0.46 0.48 0.54

6B 0.73 0.70 0.61 0.14 0.13 0.13 0.13 0.48 0.51 0.53 0.58 0.63

* Table C-11 in Appendix C provides flow data used to calculate the ratios.

** Ratios are calculated by using the monthly average flows for Georgiana Slough, Delta Cross Channel, and Sacramento River as input
into the following formula:

Ratio = Georgiana Slough Q + Delta Cross Channel Q
Sacramento River Q

*** Alternative 5B represents the Preferred Alternative.
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closed in accordance with Decision 1485, and the cross-Slough flow) is reduced to only the Georgiana Slough
Delta flow (Delta Cross-Channel fl0w plus Georgiana flow, which significantly reduces the transfer coefficient.

General Impacts on Salmon and Steelhead
No-Action Alternative. For the representative wet year,
the transfer Coefficient ranges from 0.13 to 0.53. TheChinook salmon (Oncorhynchus tshawytscha) is the princi-
highest monthly transfer coefficients occur during the endpal salmonid using the Sacramento-San Joaquin estuary.
of summer and fallperiods when Sacramento River flow is Chinook salmon produced in Central Valley streams are a
at its lowest. For the representative critically dry year, thevaluable commercial and sport fisheries resource, making
transfer coefficient ranges from 0.33 to 0.48. During criti- up the majority of ocean salmon catches in California and
cally dry years, the Delta Cross Channel gates remaincontributing significantly to ocean salmon fisheries along
open throughout the year maintaining a more constantthe coasts of Oregon and Washington. During 1977
transfer coefficient average, through 1986, the contribution of Central Valley salmon

stocks to California sport and commercial ocean harvest
averaged approximately 400,000 fish.

PreferredAlternative. The preferred alternative will signif-
icantlyincrease Sacramento River diversions into the cen-Steelhead trout (Oncorhynchus mykiss) are an
tral Delta. Except for those months when the Delta Cross anadromous form of rainbow trout. They are a highly
Channel gates are closed, the preferred alternative in-prized sport fish taken by anglers during the spawning
creases the transfer coefficient by 0.1 to 0.19 compared toruns in the main stem Sacramento River and its tribu-
the no-action alternative with an overallaverage increasetaries.
of over 0.15. This equates to an average of about 38 per-
cent increase in Sacramento River diversion efficiency.Central Valley chinook salmon have an anadromous lfe
Increased Sacramento River diversions into the centralcycle (Figure 5-5), spending most of their adult life in the
Delta will help reduce the effects of reverse flow by in- ocean but migrating up Central Valley rivers and streams
creasing San Joaquin River flow. Reduction of reverseto spawn. Within the Sacramento-San Joaquin drainage
flows impede salt water intrusion into the Delta, thus im- there are several distinct populations (usually referred to
proving Delta water quality. Improvements in the trans- as "runs") of salmon. Although there is some natural and
fer coefficient remains fairly consistent through all the man-induced straying, the native runs within each river
representative water year classfications, and stream are generally distinct from the runs in other

rivers. Some Central Valley streams support multiple
runs, which make their upstream spawning migrations at

Other Alternatives. All of the other alternatives show high- different times of the year. Figure 5-6 generally describes
er transfer coefficients compared to the no=action alter- the timing of the lfe history elements of the salmon runs,
native. Alternative 2A shows the smallest increase in named for the time of year adults enter fresh water on
transfer coefficient (average of about 15 percent over the their spawning migration. After these salmon construct a
no-action alternative) while Alternative 6B shows the nest (redd) and females deposit the fertilized eggs, they
greatest increase (average of about 40 percent increasedie in the stream of their origin.
over the no-action alternative). All of the alternatives
that include Delta Cross Channel Gate improvementsThe lfe history of Central Valley steelhead is similar to
show significant increases in the transfer coefficient (av- that of chinook salmon with a couple of major differences.
erage of about 15 percent) compared to similar alterna-Unlike chinook salmon, which inevitably die after spawn-
fives that do not include Gate improvements. This indi-ing, steelhead may live to return to the ocean and perhaps
cates that the Delta Cross Channel Gate improvements isspawn again. Also, juvenile steelhead generally remain in
one of the key components to increasing Sacramento Riv-fresh water for 1 to 3 years before emigrating to the ocean.
er diversions into the central Delta to help reduce reverseThe run of steelhead into Central Valley streams is drawn
flow and improve water quality, out but continuous, extending from July to February,
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River below Keswick Dam, and in many smaller tribu-
CHINOOK SALMON LWE HISTORY taries. Sacramento River drainage stocks are the subject

~.ESHWATm~ of intense management efforts mainly directed at control-

~ S~AWN~ ling harvest and overcoming the negative effects of water
lie atter spawning)

development, land use changes, and poor water quality in
the drainage. Most of this effort, which includes complex

Egg’Incubation fishing regulations, three major hatcheries, diversion
and F.m~gance

screens, fish ladders, and instream flow and temperature

~ Upslream Migration
to Spawning Grounds i requirements, is focused outside the Delta. All four sea-

sonal runs of chinook salmon use the drainage.

Rearing and ~ir Two of the four runs, fall and winter, are of particular im-Downs~m Migration

portance in evaluating the impacts of the NDP. FalILrun

~ ESTUARY Sacramento River drainage salmon are important be-
ups~on cause they are the largest of the four runs, accounting for

. ~o,~ roughly 80 percent of total Central Valley salmon produc-
Estua~yReafingand tion. Winter-run salmon are important because recent~¢~o~to s~a

~ severe declines in their abundance have led to their classi-
~

~
fication as an endangered species by California’s Fish and

~ OCEAN Game Commission and as a threatened species by the Na-
o~=c, ow~ tional Marine Fisheries Service (NMFS).
and Residan~
(2 to 4 Years)

Fall-run Chinook Salmon. Fall-run adults enter the Delta
¯ on their upstream migration primarily during September

Figure 5-5. Chinook Salmon Life History through November using the scent of their natal stream to
guide them to the spawning grounds. Their migration

peaking in October and November. Like chinook salmon,through the Delta is presently relatively unimpeded by
steelhead generally return to spawn in the stream wherehuman activities, although the diversion of Sacramento
they reared. River water through the Delta Cross Channel and Geor-

giana Slough into the Central Delta may cause some fish
All Central Valleystocksofchinooksalmon and steelheadto stray temporarily into the lower San Joaquin and
are potentially affected by the NDP because the ProgramMokelumne River systems, possibly delaying their migra-
influences conditions in the Delta, through which thesetion. "
fish must pass during their migrations to and from the up-
stream spawning and rearing grounds. In addition, theFall-run salmon spawn above the Delta in late fall and
NDP would change the water release schedule fromwinterinthemainstemSacramentoRiverandmanyofits
Oroville Reservoir, which may affect spawning, incuba- tributaries. Although access to much of the historically
tion, and rearing conditions intheFeather and lower Sac-used spawning habitat has been eliminated by the con-
ramento Rivers. struction of dams and the diversion of water, successful

natural spawning still occurs in the rivers where appropri-
Because each of the Central Valley chinook salmon runsate temperature, flow, and gravel substrate conditions ex-
has somewhat different environmental requirements andist. In addition to the natural spawning some adult fish
is likely to be affected differently by the NDP, a separate enter hatcheries on the American River, Feather River,
description of important runs and NDP effects is providedand Battle Creek, where they are artificially spawned and
below, their offspring reared.

Sacramento Ri~er Drainage Stocks. The Sacramento River Juvenile fall-run salmon emerge from the gravel in late
drainage presently produces approximately 90 percent ofwinter and begin the pfocess Of rearing and downstream
all Central Valley chinook salmon and virtually all of itsmigration. There is considerable variation, both annually
steelhead. Spawning occurs in all of the major tributariesand among individuals, in the timing of downstream mi-
to which salmon still have access (American, Feather,gration and location of rearing, apparently related to river
Bear, and Yuba rivers), the main stem of the Sacramentoflow Conditions following emergence. Generally, if late
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*- " winter--early spring river flows are high following emer-
SALMON gence, there is a tendency for the young salmon (fry) to

migrateorbetransporteddownstream,wheretheyrear
FALL RUN (Sacramento River 150,000 - 900,000 fish

~
or 800-50,000 fish) ill the lower river and Delta until they reach the smolt

~
stage and are physiologically ready to enter salt water.

If low flow conditions prevail following emergence, the
¢r" j~ FEB MAR ~R MAY JUN JUL AUG SEP oG~r NOV DEC flN tend to rear in the upper river areas until they.reach

the smelt stage and then make a rapid downstream migra-
tion through the lower river and Delta in late spring.

~ I
WINTER RUN (SacramentoRiver 500- 120,000 fish) DFG studies indicate that the contribution of salmon fry

~

~

~ tagged in the upper river to the ocean fishery is positively
< ~, associated with late-winter early-spring river flow, sug-
~ resting that survival during the downstream migration is
er JAN FEB MAR APR MAY dON JUL AUG SEP OCT NOV DEC greater when they migrate earlier due to higher flows.

Considerable effort has gone into studying the factors af-
SPRING RUN (Sacramento River 500 - 30,000 fish) fecting the survival of fall-run smelts during their down-

stream migration through the Delta. It now appears that

~ increased water temperature, the proportion of Sacra-

v v , , J,
mento River flow diverted into the central Delta through

o: jAN FES MAR APR MA~ 0UN ~U~ ~U~ S~P o~r NOv ~Ec the Delta Cross Channel and Oeorgiana Slough, and the
total rate of exports by the CVP and SWP export facilities

~ DOWNSTREAM MIGRATION
~ UPSTREAM MIGRATION all appear to be closely correlated with Delta smelt surviv-

,..._..~_......: ......... el. A recently developed smelt survival model using these
three factors is employed later in this report to help quan-

STEELHEAD RAINBOW TROUT                 tify the impacts of the NDR               .

o~~

~ ~ ~ ’~~~’ ’

There are generally three routes Sacramento drainage

~ smelts can take through the Delta during their down-
~ stream migration: As they enter the Delta they can: 1) re-
~ , , main in the main stem Sacramento River the entire dis-
~ JAN F~s ~AR A~, ~ Ju~ Ju~ ~u~ s~o~r Nov ~c tance to Suisun Bay, 2) leave the main stem Sacramento

~ ADULT DOWNSTREAM MIGRATION River at Sutter and Steamboat sloughs and continue down
-- = SMELT DOWNSTREAM MIGRATION those channels to Rio Vista, and 3) leave the main stem
~ UPSTREAM MIGRATION

Sacramento River through the Delta Cross Channel and
Georgiana Slough and migrate through the central Delta.
Smelts taking the route through the central Delta gener-

AMERICAN SHAD                      ally survive at about one half the rate of fish taking the
other two routes.

<
~ ~

The mechanisms behind the relatively poor survival of
~ fall-run smelts migrating through the central Delta are
~ JAN ws MAR ~a M~¥ Ju~ ~u~ ~ua s~o~r Nov ~o not known at this time. Possible mechanisms include 1)

~ DOWNSTREAM MIGRATION generally higher spring water temperatures in the central
~ UPSTREAM MIGRATION and southern Delta, 2) a longer, more complicated migra-

~ ............. ~ ..................................~ ...............~ tion route, 3) higher predation rates, 4) complications in
"~ navigation caused by the hydrological effects of export

Figure 5-6. General Migration Patterns of Salmon pumping, and 5) greater exposure to direct mortality at
Steelhead Rainbow Trout, and American Shad the CVP and SWP export facilities due to predation,

in the Sacramento-San Joaquin Estuary screening, and handling.
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Sacramento River smolts diverted into the Delta throughstranding of iuveniles during maior flow fluctuations in
the Delta Cross Channel can continue through the Deltathe rearing area.
by going down either the South or North Fork of the
Mokelumne River. It is not presently knownwhatpropor- Relatively little information is available on how condi-
tion of smolts migrate down each fork or what specific tions in the Delta affect winter-run salmon. It is unlikely

routes they take after entering the two forks. ~ However, that water temperature is as important as it is for fail-run

since the North Fork carries a greater net flow it is likely smolts, because winter-run smolts migrate through the
that more smolts migrate down the North Fork. Exper- Delta earlier in the year when it is very unlikely that Delta

imental releases of tagged or marked smolts into the twowaters would be detrimentally warm. Due to periodic clo-

forks of the Mokelumne River have demonstrated somesure of the cross-channel gates from higher levels of

beneficial results, as measured by survival to Chipps Is-runoff during late winter and early spring, a smaller pro-

land, of taking one route over another with the presentportion of winter-run smolts are diverted from the main

channel configuration and hydrological characteristics instem Sacramento River into the central Delta through the
this part of the Delta. Increased smolt survival in theDelta Cross Channel. Howeverc, like fall-run smolts the

North Fork was found in two of the three release experi- winter-run smolts diverted into the central Delta will

ments (USFWS 1989). have a longer migration route and greater exposure to the
effects of the CVP and SWP export facilities. However,

tginter-run Chinook Salmon. The timing of events in the estimates of winter-run smolt survival in the central Del-
life cycle of winter-run chinook salmon is quite different ta are not available.
than that of the fall run salmon. Adult winter-run salmon Current salvage estimates for winter-run salmon involve
pass through the Delta principally during January throughstock identifiCation based on size as the determining char-March, several months later than thefall-run. Spawning
occurs from mid-April to mid-August, peaking in late acteristic, although size alone, due to its high variability, is

June or early July. Winter-run fry begin migrating from usually considered insufficient. DFG has estimated that

the spawning areas in early September and may enter the27,405 and 24,326 winter-run smolts were salvaged in 1981
and 1988, respectively. However, the extent and signifi-Delta soon afterwards. Whereas fall-run smolts typically
cance of entrainment losses are not known at this time.pass through the Delta during April, May, and June, win-

ter-run do so during December through April. Steelhead. Hatcheries are presently responsible for most
of the steelhead production in the Sacramento River

Winter-run salmon spawning historically occurred pri- drainage. More than one-million yearling steelhead are
marily in the upper Sacramento, Pit, and McCloud Riverreared and released each year from the three Sacramento
drainage, where relatively cool water temperatures pre-River drainage hatcheries. The limited natural produc-
vail in the summer incubation period. The construction oftion occurs primarily in the tributaries.
Shasta Dam in 1942 prevented access tO the historical
spawning grounds, but summertime releases of cool waterGenerally, young steelhead emigrate from the Sacramen-
from the hypolimnion of Shasta Lake created favorableto River drainage during spring and early summer like the
incubation conditions in the main stem Sacramento Riverfall-run chinook salmon. Currently, little is known about
below the Dam and the winter-run population actuallyhow steelhead smolts respond to conditions in the lower
increased in size. rivers and Estuary during their emigration. Likewise,

adults are migrating upstream at a time similar to adult
The subsequent decline of winter-run salmon has beenfall-run chinook salmon, but again we know relatively
attributed primarily to the operation of Red Bluff Diver- little about how Delta conditions affect this migration.
sion Dam, which prevented or delayed access to the favor-Since. the basic environmental needs of the two species
able spawning ground below Shasta Dam. Another majorare similar, it can probably be assumed that the factors
problem for winter-run salmon in some years is the in-found to influence the better-studied fall-run salmon
creasing occurrence of high water temperatures belowhave similar effects on steelhead, except that migrating
Shasta Dam in summer and early fall. This condition oc-steelhead are larger.
curs when the water levels are low in Shasta Lake and re-
leases to the river come from warm surface waters. Other Mokelumne River Stocks. Historically, the Mokelumne
mortality factors include toxic discharge from Iron Moun- River had major fall and spring runs of chinook salmon
tain Mine, entrainment at poorly screened diversions, and(Fry 1961), and a viable steelhead population. Construc-
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tion of dams and diversion of ~water has greatly reducedDelta. The timing of juvenile emigration is not clearly un-
the size of the fall run and eliminated the spring run salm-derstood, but the available ~vidence suggests that there is
on and steelhead populations. The size of the fall run hassubstantial movement of fry into the Delta in March fol-
fluctuated greatly in recent years, from less than 1,000 inlowed by a migration of smolts in late May. There have
many years to over 15,000 in 1983, averaging about 3,000.been no specific studies of the factors influencing the sur-
Following construction of Camanche Dam, concretevival of juvenile Mokelumne River salmon emigrating
raceways were installed, referred to as the Mokelumne through the Delta, but it would seem likely that the associ-
River Fish Installation (MRFI), to rear steelhead eggsation between survival and the combination of exports and
brought from Nimbus Fish Hatchery, This program was temperature observed for diverted Sacramento River
considered unsuccessful, producing adult returns of 200smolts would be applicable to Mokelumne River smolts.
fish or less, but the MRFI is still used to produce salmon
for release in the Estuary and 30,000 steelhead annually toSan Joaquin River Drainage Stocks. The San Joaquin River

support a resident trout fishery in the river belowdrainagepresentlysupportsonlyfall-runchinooksalmon,

Camanche Dam. Steelhead are also reared to mitigate foralthough historically there were major spring runs. There

losses at the SWP intake facilities, are presently no viable steelhead populations in the drain-
age. Large rainbow trout, which may be steelhead, are

DFG believes there are two primary reasons for the lowsometimes caught in the Stanislaus River. This report

natural production of fall-run chinook salmon in thecontains only an assessment of NDP effects on the re-

Mokelumne River in the recent past. These are: 1) poormaining fall-run stocks of chinook salmon, because pres-

conditions for spawning and rearing caused by inadequateent salmon management in the San Joaquin drainage is

instream flow releases and. poor water quality belowfocused on these stocks. Each of the threemajor tribu-

Camanche Dam, and 2) the inability of adult salmon totaries to the San Joaquin River--the Stanislaus,

navigate back to the Mokelumne River because of theTuolumne, and Merced rivers--supports significant runs

combination of low fall Mokelumne River flows and the of fall-run salmon. The main stem San Joaquin River

high proportion of Sacramento River water in the Delta. above the confluence with the Merced River no longer

Significant natural production of chinook salmon can stillsupports any significant salmon runs. The annual contri-

occur in wet years, when spring releases from Camanchebution made by San Joaquin tributaries to total Central

Dam are relatively high (Reynolds et al:; 1990). Valley salmon production has been highly variable in re-

~ cent decades, ranging from less than i percent to almost
Th~ same factors thought to limit natural production may20 percent.

also limit the effectiveness of the MRFI in.supporting aThe extirpation of the spring-run stocks and a decline in
fall run of chinook salmon in the Mokelumne River. fall-run stocks has occurred in recent decades. The rea-
Since, spawning adult returns are usually too low to pro-sons behind these declines and the identification and im-
vide the MRFI with an adequate number of eggs, eggs areplementation of maintenance and restoration measures
supplied to the Mokelumne River Hatchery from other are presently the subject of considerable research, man-
hatcheries in the Central Valley. Because of the poor ju- agement, and regulatory effort. Much of this effort is fo-
venile rearing and migration conditions in the lowercused on improving conditions upstream of the Delta, in-Mokelumne River, the fish are reared until they are ap- cluding instream flows for rearing and juvenile migration,
proximately 5 inches long (larger than a typical smolt) andquality and access to spawning gravels, and upstream tem-
then trucked to various points downstream of the Delta to perature conditions.
improve their survival to adulthood. Releasing the hatch-
ery-reared fish below the Delta reduces their, chances ofConditions.in the Delta can also influence San Joaquin
navigating back to the Mokelumne River, but increasesdrainage fall-run salmon. The fall upstream migration of
their contribution to sport and commercial fisheries inadult salmon can be impeded by areas of low dissolved ox-
the ocean and the sport fishery in the Sacramento Riverygen that can develop in the San Joaquin River near
system. Stockton. Presently, the major cause of these low oxygen

levels is apparently the combination of 10w river flows and
Under present Mokelumne River fisheries managementorganic sediments. Southern Delta pumping, including
practices only the offspring of adults spaw!~ing in theexports by the CVP and SWP, may aggravate this condi-
stream migrate as juveniles downstream through the Del-tion by reducing or reversing flows in this area. Mitigation
ta, where they might be influenced by conditions in thefor this condition has included installation of a temporary
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barrier in Old River during the late summer through earlyCVP and SWP export facilities and that lower survival
fall to create a downstream flow in the San Joaquin Riverrates of smolts emigrating down Old River is largely
past Stockton. caused by entrainment-related losses, such as predation

and loss through fish screens.
Salmon navigate back to their natal spawning grounds us-
ing the scent of the water, which they imprint on duringAnother tentative conclusion is .that the proportion of

rearing. Although not clearly documented~ the migrationsmolts entering the head of Old River is roughly equiva-

of adult salmon through the Delta into the San Joaquinlent to the proportion of San Joaquin River flow that is

River drainage may be inhibited by the low proportion ofdiverted into the head of Old River. It is often the case

San Joaquin River water flowing through the Delta. Theduring the spring months that a large proportion (in some
cases more than 100 percent) of net San Joaquin Riverproportion of San Joaquin River water in the Delta was

low historically but has been made lower by water projectflow goes down Old River, and that CVP and SWP export

operations, operations are known to contribute to the drawing of San
Joaquin River water down the upper Old River.

However, while unsuitable conditions for returning adultIt also has been estimated that roughly 10 to 20 percent of
spawners may have contributed to the decline in San Joa-smolts experimentally released in the San Joaquin Riverquirt River drainage salmon stocks, most recent variationbelow the head of Old River are entrained. This suggests
in stock size appears to be due to variation in conditions o

for juvenile rearing and emigration. It has been observed    the possibility that smolts can be drawn up the lower Old
and Middle rivers by the reverse flows in these channels

that the number of adults returning to spawn (escape-due to water project exports and in Delta pumping. The
ment) from a particular year class is associated with the
San Joaquin River flow (measured at Vernalis) in the

effect of tide stage, water project operations, and other

spring of the year that cohort was rearing and emigrating,factors on the routes taken by emigrating smolts is the

There are many possible mechanisms underlying this as-
subject of ongoing interagency studies. These conclusions

sociation, someofwhichcouldbeactinginupstrearriareasare based on initial experiments carried out by the
USFWS (1987 and 1989), and tests with a wider range ofand others in the Delta. flow and habitat conditions are needed to confirm the
data.The Interagency Ecological Study Program (IESP) in

cooperation with Region 4 of DFG has initiated studiesImpact of NDP
designed to determine how conditions in the Delta influ-
ence the survival of emigrating San Joaquin River drain-Tables 5-13 through 5-19 summarize monthly water lev-
age smolts. Although these efforts have not progressedels, flOWS, diversion ratios and their relationships under
far enough to provide a complete understanding of Deltathe no-action and preferred alternatives which could af-
smolt survival, a few tentative conclusions have beenfect salmon and steelhead populations. These tables are
drawn. A fundamental conclusion is that conditions in thederived from monthly average flows from 1960-1978 hy-
Delta can be a major source of mortality for smolts emi- drologic data modeled using the 57-year operations stu-
grating from the San Joaquin River drainage. The aver-dies described in Appendix C. The monthly average flows
age estimated survival to Chipps Island Of smolts exper-simulated were in the Feather, Sacramento, Mokelumne,
imentally released in the head of Old River and in the SanMiddle, Old and San Joaquin rivers, the Delta cross-
Joaquin River just below the head of Old River has aver-channel, and Georgiana Slough. Lake Oroville water ele-
aged about 32 percent in recent experiments. In contrast,vations levels, monthly flows and ratios diverted, and
80 to 90 percent of smolts released at Jersey Point survivemonthly exports were calculated on the basis of the model
to reach Chipps Island (USFWS 1989). results derived from hydrodynamic modeling described in

Appendix C.
Another conclusion of recent studies is that the route tak-
en through the Delta by emigrating smolts can strongly af-Tables 5-13 and 5-14 show the mean end-of-month Lake
fect their rate of survival. Specifically, it appears that Oroville water elevations and mean monthly Feather Riv-
smolts emigrating down upper Old River survive at lowerer flows, respectively. Higher reservoir levels will in-
rates than smolts emigrating down the San Joaquin Rivercrease the amount of cooler water available for release for
past the head of Old River. It is likely that more of the salmonids. Changes in flow patterns and amounts can
smolts emigrating down Old River are entrained at thecause variations in .spawning and rearing habitat, or
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change conditions for outmigration during the spring andverse flows in the San Joaquin River would be reduced
summer, with project alternatives decreasing mortality during the

fail-run smolt migration period.
The average monthly percentages of Sacramento river
flow diverted into the central Delta through the Delta No-Action Alternative. With existing conditions in the
cross-channel and Georgiana Slough are shown in Tablesnorth Delta, flow patterns would remain similar to those
5-15, 5-16 and 5-18. Increased diversions of Sacramentooccurring today. The flooding potential would remain
River flow into the central Delta increases the incidencehigh due to flow constraints and inadequate channel capa-
of salmonids straying from the preferred migration pathcities in the Mokelumne River system. During low-flow
down the Sacramento River, causing more salmonids toconditions this limited capacity would force more water to
enter the central Delta. Tables 5-15 through 5-17 sum-flow down the Sacramento River and around Sherman Is-
marize flows, ratios and relationships which could affectland, producing reverse flow conditions in the western
Sacramento and Mokelumne river fall-run salmon andDelta.
steelhead populations. Table 5-18 summarizes flows and
diversion ratios associated with the months when winter-Undesirable reverse flow conditions for salmon and steel-
run salmon are migrating through the Delta. head would continue and salmon populations would at

best remain unchanged. With no modifications to the ex-
USFWS has developed a Delta survival model for jure- isting channels, more of the salmon diverted into the cen-
nile fall-run salmon from the Sacramento River drainage,tral Delta migrate down the longer route in the south fork
This model relates survival of fall-run smolt emigratingof the Mokelumne River, which exposes them to reverse
from Sacramento to Chipp’s Island to Sacramento Riverflows for a longer period.
temperature, diversion of Sacramento River flow into the
central Delta, and SWP/CVP export levels. This model Table 5-16 indicates that under the no-action alternative,
was used to calculate seasonal mortalities for Sacramentomortality of juvenile salmon emigrating from Sacramento
River smolts for the no action and preferred alternativesto Chipps Island could range from 58.2% (April of repre-
(Table 5-16). Fall-run smolt survival appears to be verysentative below normal year) to 85.2% (June of repre-
sensitive to Sacramento River water temperature. Thesentative dry year). Sacramento River smolt mortality is
NDP could affect the water temperature due to decreased 2.0 - 3.5% lower for the no-action alternative, compared
river flows, but current D-1485 protective measures will to the preferred alternative, because Sacramento River
maintain water quality and temperatures in the river, diversions through the Delta cross-channel are less.

~Table 5-19 presents mean April-June net channel flows inPreferred Alternative. Each of the individual Centrai
the upper and lower San Joaquin rivers, the lower MiddleValley salmon and steelhead runs described in the follow-
River and lower Old River. Current problems due to re- ing paragraphs are likely to be affected differently by the

IO00O

[ ~No Action 5_BL

8000                                                                     _~B, Alternative

/\6000

4000            .~ ~

o
Nov     ~     Jan     Feb      Mar      Apt     May     Jun      Jul     Aug     Sep

Month

Figure 5-7. Average Monthly Flow (cfs) in the Feather River Below Thermalito Afterbay

134

C--071 267
C-071101.168



NDP; thus, a separate discussion of impacts for each run isternative are small, but January-through-June Preferred
provided, alternative flows are lower, indicating that, on average,

salmon incubation and rearing habitat may be reduced.
Sacramento River Fall2Run Chinook Salmon. Anticipated
Oroville Reservoir levels are generally higher for the Pre-
ferred alternative than for the No-action alternative, par- Table 5-14 compares predicted Feather River flows be-

ticularly for the the drier year types (TaMe 5-13). This is tween the Preferred alternative, 5B, and the No-action
not likely to positively affect the temperature of releasesalternative for each year type. Substantial changes in

made to the Feather River, because the dam can alreadyflow occur in some months of all the year types. During
be operated to release water from multiple levels and thethe October-through-December fall-run spawning sea-
temperature of releases controlled. However, higher res- son, mean monthly flows decrease by 3 to 14 percent in
ervoir levels will increase the amount of cooler water the critical and dry years, which may reduce spawning hab-

available for release, itat for those years. During the wetter years, monthly
spawning season flows either increase or change very

The Preferred alternative (SB) is used in Figure 5-7 to little. Flow effects also vary considerably among year
demonstrate how, on an average annual basis, Feathertypes during the January-through-May rearing and emi-
River flows would differ between the Preferred alterna- gration period. The Preferred alternative flows are gen-
tive, 5B, and the No-action alternative. The differenceserally higher than No-action flows during this time and
between the No-action alternative and the Preferred al-should increase fish survival in critical years.

Table 5-13
Estimated Mean End-of-month Lake Oroville Water Level Elevations

for the No-Action Alternative and Preferred (5B) Alternative~ 1960-1978 (feet)

IOct ! Nov I Dec [ Jan I Feb [ MarI AprI MayI June [ Jul [ Aug [ Sep
Critical Year Mean

No-Action 776 753 734 733 735 743 741 738 722 694 679 673
Preferred (5B) 78__.~276._.~5 75._~2 74.__~975.._~2 75._~.9 75~3 74._~_9732 70.._66 69:2 68___~5
Difference1 6 12 18 16 17 16 12 11 10 12 13 12

Dry Year Mean

No-Action 801 786 780 780 796 810 821 820 798 774 760 753
Preferred (5B) 81!. ’802 79~8 80~3 8219 83:2 83~9 838 82~1 79_~P_978~3 77__.~7
Difference 10 !6 18 23 24 22 18 18 23 25 23 24

Below-Normal Year Mean                                        -~

No-Action 805 791 785 789 818 841 860 864 848 823 807 802
Preferred (5B) 819 805 799 80~6 83._~2 853 869 873 85__~8 83.__~3816 81._~2
Difference 14 14 14 17 14 12 9 9 10 10 9 10

Above-Normal Year Mean

No-Action 785 778 777 794 815 827 866 875 864 838 ¯ 817 813
Preferred (5B) 794 78~9 78~8 80.._~5 82__~5 836 873 88~1 86.__~_9843 82~3 821
Difference 9 11 11 11 10 9 7 6 5 5 6 8

Wet Year Mean

No-Action 794 796 826 840 849 869 894 898 891 868 845 844
Prefen’ed (5B) 80:2 80._f!6 829 84__~1 84_~9.986__29 894 89~8 891 86.__~884_.29 850
Difference 8 10 3 1 0 0 0 0 0 0 4 6

tDifferences in Lake Oroville water elevations indicate the increase expected for the Preferred alternative.
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Table 5-14
Estimated Mean Monthly Feather River Flows for the No-Action and Preferred (5B) Alternatives, 1960-1978 (cfs)

[ Oct [Nov I Dec 1" Jan [ Feb I Mar ] Apr I May [ june ] Jul [ Aug I Sep

Critical Year Mean

No-Action 3,346 6,1i6 5,699 5,046 5,238 3,244 3,511 3,230 3,799 3,201 2,074 2,395
Preferred (5B) 3,251 ~ ~,923 5331 4.753 3399 4,088 ~ 4 0_%Q.~782,922 2,142 2A45
Difference1 -95 -498 -776 + 285 -485 + 155 + 577 + 79 + 279 -279 + 68 + 50
% Differencet -3 -8 -i4 +6 : -9 +5 +16 +2 . +7 -9 +3 +2

Dry Year Mean

No=Action 3,467 5,935 4,795 6,090 8,300 6,862 5,977 5,514 5,864 4,042 2,586 2,910
Preferred (SB) ¯ 3,405 ~ ~.345 5.478 76_~56 6.648 6,569 5,518 ~ 3.964 2809 2,929
Difference -62 -807 -450 -612 -644 -214 + 592 + 4 + 5 -78 + 223 + 19
% Difference -2 -14 -9 -10 -8 -3 + 10 0 0 -2 + 9 + 1

Below-Normal Year Mean

. No-Action 3,405 5,668 5,857 6,531 9,686 9,257 6,184 6,117 6,762 6,540 4,541 3,414
Preferred (5B) 3 5_~76 6069 5.748 5.844 9939 9.195 6,2~6 ~ 6765 6,900 ~ 3286
Difference + 171 + 401 -109 -507 + 253 -62 + 112 + 2 + 3 + 360 + 312 -128
% Difference + 5 + 7 -2 -8 + 3 -1 + 2 0 0 + 6 + 7 -4

Above-Normal Year Mean

No-Action 3,234 4,975 5,844 7,521 10,287 14,299 9,758 10,378 7,928 7,561, 6,083 3,606
Preferred (5B) 3,23~ ~,892 5,%2 7.38~ 10.668 14380 9,7~6 10.379 ~ 7782 ~ 3,312
Difference 0 -83 +138 -133 +381 +81 +38 +1 - +1 +221 "72 -294
% Difference 0 -2 + 2 -2 + 4 + 1 0 0 0 + 3 -1 -8

Wet Year Mean

No-Action_ 4,005 6,001 1i,168 24,752 24,563 17,391 16,036 16,714 11,358 8,977 7,806 3,571
Preferred(5B) 4008 5.831 12.255 25.121 24.700 ~ ~ 16.704 11,357 9003 6.791 3.260
Difference + 3 -170 + 1,087 + 369 + 137 + 10 + 6 -10 -1 + 26 -1,015 -311
% Difference 0 -3 + 10 + 1 + 1 0 0 0 0 0 -13 -9

1Negative differences indicate reductions in flow for the Preferred alternative.

In the dry years, preferred alternative flows are lower Delta during the July-through-November migration peri-
from January through March, but are higher in April. od (Table 5-15). The increases in percentage diverted
Mean monthly preferred and no-action rearing and mi-during July through November range from approximately
gration-period flowsare generally very similar during the12 to 16 percent. The increases in percentage diverted are
three wetter year types and during May and June for drylikely to increase the incidence of straying.
years. Thus, for all periods except January through March
of dry years~ flows during the rearing and migration peri-Chinook salmon fry move into the Delta during February
od either do not affect or are beneficial to salmon, and March, and the Program alternatives increase the

percentage of Sacramento River flow diverted into the
Sacramento River water entering the central Deltacentral Delta during these months in critical and dryyears
through the Delta Cross-Channel and Georgiana Slough(Table 5-15). Too little is known about the effects of Delta
can cause adult salmon to migrate into the lower San Joa-conditions on fry survival to enable a detailed aisessment
quin and M0kelumne rivers, delaying their spawning mi-of the impact of these increases. Smolt survival is nega-
gration. The Preferred alternative increases the propor-tively affected by diversion into the Delta and fry may re-
tion of Sicramento River flow diverted into the central spond similarly.
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Table 5-16 shows the anticipated differences in mortalitycreases in fraction diverted are greatest in the dryer years
of fall-run smolts migrating through the Delta between and months, averaging about 30 percent. The increases
the No-action Alternative and the Preferred Alternative are smaller in April of the above-normal and wet years
5B. The mortality values shown in Table 5-16 were calcu-because the Delta Cross-Channel is often closed at those
fated using the IESP model developed by USFWS (Kjel-times. The increases in fraction diverted cause increases
son et al 1989) which predicts the mortality of fall-run in predicted mortalities in all year types. The largest aver-
smolts migrating through the Delta based on three fac-age increase occurs in the below-normal years, when the
tors: 1) water temperature in the Sacramento Riverbelowmortality for the season is about 3.5 percent greater than
the city of Sacramento, 2) the proportion of Sacramentothat for the No-action alternative. ~
River flow diverted into the central Delta, and3) the total
rate of water export by the CVP and SWP export facilities. The model used to calculate the mortality values in Table
Figure 5-8 illustrates how these three factors interact in5-16 (Kjelson et al. 1989) is based on measurements of
the model to affect smolt mortality, smolt survival under varying flow and SWP/CVP export

conditions with the present configuration (i.e. location
As indicated in Table 5-16, export levels are very similarand capacity) of Delta channels. The proposed Preferred
for the No-action and Preferred alternatives during April alternative modifies the cha. nnels, changing flow patterns
through June. It is predicted, however, that the fractionin parts of the central and northern Delta. The routes
of Sacramento River flow diverted into the central Delta taken by smolts migrating through the Delta are in-
through the Delta Cross-Channel and Georgiana Sloughfluenced by the flow patterns they encounter; thus, the
will be greater with the Preferred alternative. The in- Preferred alternative could affect the migration path

Table 5-15
Estimated Mean Monthly Percentage of Sacramento River Flow Diverted into the Central Delta Through the Delta

Cross-Channel and Georgiana Slough for the No-Action and Preferred (5B) Alternativesl~ 1960-1978 (cfs)

I Oct I Nov I, Dec I Jan I :Feb ] ,Mar! AptI MayI JuneI Jul I Aug I Sep

Critical Year Mean

No-Action 41.7 38.1 40.0 46.0 44.9 45.4 47.0 46.4 46.0 45.9 48.9 50.0
Preferred (5B) 55.3 52.~5 . 55.5 58.~9 59.5 61.0 61.5 60.~9 60.3 59.___~963.9 65.5
Difference =13.6 -I4.4 -15.5 -12.9 -14.6 -15.6 -14.5 -I4.5 -14.3 -14.0 -15.0 -15.5

Dry Year Mean

No-Action 44.7 37.1 40.3 29.6 26.9 39.6 39.6 40.8 41.2 38 4 46.0 46.0
Preferred (5B) 59.___f!51.3 55.._._~338.1 35.~2 53.___~952.9 54._~.655.1 52.0 . 60.._~161.___~9
Difference -14.9 -14.2 -!5.0 -8.5 -8.3 -14.3 -13.3 -13.8 -13.9 -13.6 -14.1 -15.9

Below-Normal Year Mean

No-Action 40.9 37.8 38.7 25.4 14.1 14.5 38.8 40.4 39.8 37.5 42.3 45.3
Preferred (58) 54.__~751.__._~5.52.7 32.1 14.__~314..___~752.~4 54.__.~153.~4 50.~3 56.__~.861..__~5
Difference -13.8 -13.7 -14.0 -6.7 -0.2 -0.2 -13.6 -13.7 -13.6 -12.8 -14.5 -16.2

Above-Normal Year Mean

No-Action 36.8 36.2 36.1 15.7 12.7 12.4 14.4 29.9 32.5 36.3 36,8 39.0
Prefelwed (5B) 50.3 47.’/ 49.___~116.0 12.~8 12.5 14.6 39.2 44.~1 49.’/ " 51.___~2 53.__~3
Difference -13.5 -11.5 -13.0 -0.3 -0.1 -0.1 -0.2 -9.3 -11.6 -12.8 -14.4 -14.3

Wet Year Mean

No-Action 42.7 39.0 31.8 15.8 13.0 15.7 20.6 31.9 33.8 36.2 38.0 42.1
t~referred (5B) 57.___~152.___~942.___~317.~4 13.1 17.3 25.1 42..__~545.~4 48.9. 52.7 57.’/
Difference -14.4 -13.9 -10.5 -1.6 -0.1 -1.6 -4.5 -10.6 -11.6 -12.7 -1~.7 -15.6

1Percentage diverted = Cross-Channel flow ÷ Georgiana Slough flow/Sacramento River flow (as measured at Freeport). __
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Figure 5-8. Predicted Survival of Smolts Migrating from Sacramento to Chipps Island
at Various Level of Exports, Temperature, and Delta Cross-Channel Diversions
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Table 5-16
Predicted Mortality of Fall-run Sacramento River Drainage Salmon Smolts Emigrating through the Sacramento-

San Joaquin Delta During April through June for the No’Action and Preferred (5B) Alternative Conditions: (Mor.
tality estimates are based on the mortality equation developed by Kjelsonet al.1 [1989])

|

Total Exports2 Fraction Diverted3 [ Mortality4

April May June April May    June I April May June Season

Critical Year Mean (2)s

No-Action 5,472 4,210 3,271 0.586 0.581 0.579 0.666 0.754 0.834 0.765
Preferred (5B) 5.630 4,208 3,270 0.734 0.728 0.727 0.716 0.781 0.848 0.791
Difference -158 2 1 -0.148 -0.147 -0.148 -0.050 -0.027 -0.014 -0.026

Dry Year Mean (2)

No-Action 8,190 4,992 5,008 0.515 0.525 0.532 0.696 0.757 0.852 0.776
Preferred (5B) 8,785 4,992 5.0~8 0.664 0.674 .0.682 0.770. 0.787 0.872 0.810
Difference -595 0 0 0.149 0.149 0.150 -0.074 -0.030 -0.020 -0.034

Below-Normal Year Mean (5)

No-Action 9,079 5,126 5.008 0.506 0.521 0.519 0.708 0.758 0.850 0.778
Preferred (5B) 9,2~9 5.123 5.008 0.658 _0.670 0.669 0.778 0.789 0.870_ 0.812
Difference -130 3 0 -0.152 -0.149 -0.!50 -0.070 -0.031 -0.020 -0.034

Above-Normal Year Mean (1)

No-Action 9,868 5,984 6,016 0.203 0.409 0.437 0.582 0.745 0.849 0.752
Preferred (5B) 9,444 5.%4 6,016 0.205 0.523 0.580 0.580 _0.772 0.872 0.773
Difference 424 0 0 -0.002 -0.114 -0.143 -0.002 -0.027 -0.023 -0.021

Wet Year Mean (9)

No-Action 8,497 5,790 5,133 0.285 0.429 0.453 0.607 0.747 0.842 0.755
Preferred (5B) 8.486 5.789 ~ 0.336 _0,557 0.592 0.628 0.776 0.861 0.779
Difference 11 1 0 -0.051 -0.128 -0.139 -0.021 -0.029 -0.019 -0.024

1Kjelson et al. (1989) Mortality equation "6" (using predicted total exports, fraction of Sacramento River flow diverted into
the central Delta, and temperature at Freeport).

2Monthly mean total (CVP + SWP) export rate (cfs) for each year type during 1960 through 1978.
3Fraction diverted = (Georgiana Slough flow + Cross-Channel flow) / Sacramento River flow above Delta Cross-Channel.
4For all alternatives and year types the following temperature conditions were assumed. April, 620; May, 650; June, 68°. Likewise,
the percentage of smolts migrating in April, May, and June were assumed to be 15%, 55%, and 30%, respectively.
5Sample size (i.e., the number of years in the 1960-1978 period of each year type).

through the central Delta of smolts diverted through theSan Joaquin River is the shortest, most direct route and
Delta Cross-Channel. minimizes exposure to export-related reverse flows in the

lower Old and Middle rivers and in two of the three re-
On three occasions, experimental releases of smolts havelease experiments mentioned above, the survival of
been made simultaneously in the North and South forkssmolts released in the North Fork was higher. With the
of the Mokelumne River belowthe Delta Cross-Channel. present Delta channel configuration, water diverted
However, these experiments have not clearly indicatedthrough the Delta Cross-Channel tends to flow down the
which route is most favorable for diverted smolts North Fork to the San Joaquin River. Implementation of
(USFWS 1987). Migrating down the North Fork to the the Preferred alternative 5B would increase the propor-
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Table 5-17
Estimated Mean Monthly Flow in the Sacramento River downstream from Georgiana Slough

for the No-Action and Preferred (5B) Alternatives~ 1960-1978 (cfs)

Oct Nov Dec Jan Feb Mar Apr May, [ June Jul Aug [ Sep

Critical Year Mean

No-Action 5,429 6,672 5,642 3,587 4,054 3,917 3,021 3,065 3,176 3,131 2,501 2,407
Preferred (5B) 3.952 ~ 4.722 3.645 2.939 ~ ~ 2.065 2.061 2.124 2.196 1.613 1.494
Difference -1,477 =1,950 -1,997 -648 -1,303 -1,541 -956 -1,004 -1,052 -935 -888 -913
% Difference -27 -29 -35 -18 -32 -39 -32 -32 -33 -30 -36 -38

Dry Year Mean

No-Action 3,901 7,398 5,714 8,059 9,927 6,094 5,585 4,773 4,830 6,462 3,345 3,427
Preferred (sg) ~ 5.098 3.783 7 2_2~68 8.688 4.177 ~ 3.399 ~ 4.573 2.394
Difference -1,281 -2,300 -1,931 -791 -1,239 -1,917 -1,435 -1,374 -1,4~2 -1,889 -951 -1,231
% Difference -33 -31 -34 -10 -12 -31 -26 -29 -30 -29 -28

Below-Normal Year Mean

No-Action 4,841 7,023 6,150 9,891 16,760 13,118 5,743 4,971 .5,440 7,016 4,739 3,657
Preferred (SB) 3.607 4.991 4_,_3_!! 9.073 ~ 13 120 4.154 3.55~ 3.869 5.144 3.273 2~.326
Difference -1,234 -2,032 -1,809 -818 -31 +2 -1,589 -1,412 -1,571 -1,872 -1,466 -1,331
% Difference -25 -29 -29 -8 0 0 -28 -28 -29 -27 -31 -36

Above-Normal Year Mean

No-Action 6,270 7,327 7,219 9,543 27,846 36,653 12,454 14,682 9,218 7,635 7,623 5,571
Preferred(5B) 4.558 5.941 5.273 9.515 ~ 35.6~9 12.423 !2,124 7.019 5,4~9 4966 3,923
Difference -1,712 -1,386 -1,946 -28 -39 -44 -31 -2,558 -2,199 -2,136 -2,657 -1,648
% Difference -27 -19 -27 0 0 0 0 -17 -24 -28 -35 -30

’Wet Year Mean

No-Action 4,654 7,270 13,922 29,309 25,948 22,679 18,708 11,930 9,098 7,518 6,533 4,652
Preferred(5B) 3.264 52_2.9~99 ~ 29.356 25.912 22,450 18.080 9.722 7,0~2 5;495 ~
Difference -1,390 -1,971 -2,136 +47 -36 -229 -628 -2,208 -2,066 -2,023 -2,370 -1,567
% Difference -30 -27 -15 0 0 -1 -3 -19 -23 -27 -35 -34

tion of flow down the North Fork, thus minimizing expo-    smolt survival (Kjelson et al 1989 ). However, reduced
sure to reverse flows in the lower Old and Middle rivers.    . flows could reduce survival by causing increases in spring

water temperature in this reach.
Except when the Delta Cross-Channel is closed, the Pre-
ferred alternative increases the percentage of Sacramen-Sacramento River Winter-Run Chinook Salmon. Adult win-
to River flow diverted through the Delta Cross-Channelter-run salmon migrate through the Delta during January
(Table 5-15) and, in turn, reduces the flow in the Sacra-through April. Winter-run adults are probably subject to
mento River below the Cross-Channel. Table 5-17 showsstraying caused by diversion of Sacramento River water
the differences between the No-action Alternative andinto the central Delta through the Delta Cross-Channel
the Preferred alternative 5B. During April through June,and Georgiana Slough, but no specific studies have been
the reductions in mean monthly flow range from 0 to 33done on adult winter-run migrations through the Delta.
percent. During critical, dry, andbelownormalyears, theThe Preferred alternative increases the proportion of
reductions range from 26 to 33 percent. Our present lim-Sacramento River flow diverted into the Delta during all
ited understanding of the factors affecting smolt survival months of the January-through-April migration period in
suggests that river flow below the Cross-Channel, in andcritical and dry years, and in both January and April of
of it self, is not a significant factor directly influencing below-normal years (Table 5-18). The percentage di-
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verted changes very little during other months and yearstantially when compared to the No-action alternative
types because the Delta Cross-Channel is cl0sed at these(Table 5-16). The estimated differences in mean monthly
times, mortality rates between the Preferred and No’action al-

ternatives are substantially less than 1 percent for all
Winter-run smolts are migrating downstream throughmonths and year types.
the Delta during January through April. If, as is the caseLike SaCramento River smolts diverted into the Delta
with fall-run smolts, diversion into the central Delta neg-Cross-Channel, Mokelumne River smolts migratingatively affects winter-run smolt survival, the increased
diversion rate in the drier years could reduce winter-run

through the Delta could be detrimentally affected by the

smolt survival,
changes in flow patterns shown in Figure 3-2.

San Joaquin River Fall-Run Chinook Salmon. The Pre-
Mokelumne River Fall-Run Chinook Salmon. As described ferred alternative will improve habitat conditions for San
above in the discussion.~of No-action alternative effects onJoaquin River fall-run chinook salmon migrating through
Mokelumne River smolts, total (CVP + SWP) exports and the Delta. As shown in Table 5-19, the Preferred alter-
water temperature can be used to predict smolt mortality,native will increase net flow in the San Joaquin River be-
Smolt mortality in the Delta is sensitive to temperature,low its confluence with the lower Middle River, which
but the Preferred alternative is not expected to affect should benefit migrating smoits. Export rates do not sub-
temperature conditions in the Delta. The Program alter-stantially differ between the No-action alternative and
natives are also not expected to affect export rates sub-the Preferred alternative; therefore, the Preferred alter-

Table 5-18
Estimated Mean Monthly (CVP & SWP) Exports and Percentage of

Sacramento River Flow Diverted Through the Delta Cross-Channel and Georgiana Slough for
the No-Action and Preferred (SB) Alternatives During Months When Winter-run Salmon Adults

and Smolts are Migrating Through the Delta (1960-1978)
SWP & CVP Exports (cfs) Sacramento River Diversion (%)2

! Jan I Feb [.Mar I Apr [Mean I Jan [Feb [Mar [ Apt I Mean,
Critical Year Mean

No-Action 7,557 7,018 7,064 5,472 6,778 46.0 44.9 45.4 47.0 45.8
Preferred (5B) 9.500 7,888 ~ 5~630 7,521 58.9 59..._~561.13 61..._~5 60.2
Difference -1,943 -870 -2 -158 -743 -12.9 -14.6 -15.6 -14.5 -14.4 ~

Dry Year Mean

No-Action 10,531 11,539 11,315 8,190 10,394 29.6 26.9 39.6 39.6 ¯ 33.9
Preferred (SB) 10,757 11560 11,379 8785 10.620 38.__.~135.2 53.._~95213 45.13
Difference -226 -21 -64 -595 -226 -8:5 -8.3 . -14.3 =13.3 -11.1

Below-Normal Year Mean
No-Action 10,726 11,173 10,338 9,079 10,329 25.4 14.1 14.5 38.8 23.2
Preferred (SB) ~ ~ /0.284 92_2~09 10,382 32.1 14.3 14.~7 52.4 28.4
Difference -134 0 54 -130 -53 -6.7 -0.2 -0.2 -13.6 -5.4

Above-Normal Year Mean
No-Action 7,473 11,62i 11,464 9,868 10,107 15.7 12.7 12.4 14.4 13.8
Preferred (SB) 7.473 11.621 11,464 9.444 ~ 16.0 1213 12..~5 14.~6 14.0
Difference 0 0 0 424 106 -0.3 -0.1 -0.1 -0.2 -0.2

Wet Year Mean
No-Action 11,516 10,655 8,942 8,497 9,903 15.8 13.0 15.7 20.6 16.3
Preferred (513) 10.967 10.669 8.842 8.486 9.741 17.4 13.__~117.~3 25.1 18.2
Difference 549 -14 100 11 162 -1.6 -0.1 -1.6 -4.5 -1.9

1percentage diverted = Cross-Channel flow+ Georgiana Slough flow/Sacramento River flow (as measured atFreeport).
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Table 5-19
Estimated Mean Monthly Net Channel Flows in Southern Delta Channels That May Influence San Joaquin River

Drainage Fall-run Smolt Survival for the No-Action and Preferred (5B) Alternatives, 1960-1978 (cfs)

I Upper San Joaquin River1Lower Middle River2 Lower Old Rivera Lower San Joaquin R.4

April] May ]June April] May I June AprnI May ]June April] May ]June

Critical Year Mean

No-Action 408 220 12 -2,216 -1,893 -1,889-2,088 -1,903 -1,802 239 400 46

Preferred (5B) 40~1 22.__~314 ~ -2,006 -1998 -2,503 ~ -2.205 84~6 1059 71__~7

Difference -7 +3 +2 -188 -113 -118 -415 -386 -403 +607 +659 +671

Dry Year Mean

No-Action 230 149 -49 -3,433 -2,376 -2,643 -2,935 -2,420-2,382 "~~86 1,075 210

Prefen’ed (5B) 2!~1 !5__~5-4__~6 -3 857 -2,522 -2,800-3.636 -2,935-2 921 1.120 1,968 ~
Difference -19 +6 +3 -424 -146 -157 -701 -515 -539 +834 +893 +916

Below-Normal Year Mean

No-Action 404 260 . -40 -3,733 -2,350 -2,673-3,118 -2,464-2,482 136 1,313 542
Preferred (5B) 39.__9.926.__~6-3"7 -3,969 ~ -2,839 -3 721 -2,984-3 061 ~ 2.225 1.531
Difference -5 +6 +3 -236 -145 -166 -603 -520 -579 +982 +912 +898

Above-Normal Year Mean

No-Action 673 156 27 -3,893 -3,240 -3,318 -2,753 -4,408-3,410 565 6,941 2,401
Preferred (5B) 683 16.__~231 -3.769 ~ -3.531 -2.714 -5.273-4 129 89___~18.534 36_~A_94
Difference + 10 + 6 + 4 124 -252 -213 39 -865 -719 + 326 + 593 + 1,293

Wet Year Mean

No-Action 1,781 1,682 1,053 -3,138 -2,301 -2,361-4,024 -4,020-3,263 8,981 7,791 4,493
Preferred(513) 1.768 1.683 1,051 -3,212-2,508-2,554-4.2~0-4.778-3,969 9.356 9.170 5.740
Difference -13 + 1 -2 -74 -207 -193 -226 -758 -706 + 375 + 1,379 + 1,247

1RMA Channel Segment 24.
2RMA Channel Segments 160 + 161.
3RMA Channel Segment 124.
41:I.MA Channel Segment 51.

native should reduce problems associated with diversionupstream spawning migration and reduce the survival of
of San Joaquin River water into upper Old River. The downstream migrant juveniles.
Preferred alternative does tend to intensify reverse flows
in the lower Old and Middle rivers (Table 5-19), which is
likely to increase entrainment of fall-run smolts andOtherAIternatives. The other NDP alternatives would also
steelhead migrating through the Delta. reduce the magnitude and frequency of reverse flow in

the western Delta, as shown in Table 5-7. More consistent
Steelhead. The biology of central valley steelhead is poorlydownstream flow would reduce the number of salmon be-
understood in comparison to chinook salmon; thus, theing pulled back upstream into the central and south Delta,
assessment of Program effects on steelhead is necessarilywhere fish are more susceptible to entrainment. Alterna-
less detailed. Steelhead will likely be detrimentally af-tives 3B, 4B, 5B, and 6B, which include proposals for
f~cted by the anticipated increases in the proportion ofdredging and/or enlarging the North and South Fork
Sacramento River flow diverted through the Delta Cross-Mokelumne rivers (3B, 4B, 5B), creation of an island
Channel. As with salmon, the greater levels of diversionfloodway (6B), and enlargement of the Delta cross-chan-
may increase the incidence of straying of adults on theirnel gate structure (3B, 4B, 5B, 6B), provide the most
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benefits for reduction of reverse flow, particularly for the fect salmon fry and smolts by altering migration paths and
months of May-July (Table 5- 20). increasing the possibility of being drawn toward the CVP

and SWP facilities.

Water quality for upstream sPawning, egg incubation,The increase in mortality for Sacramento River fall-run
rearing and outmigration above the Delta, in the Feathersmolts due to central Delta diversions ranged from
River, is affected similarly by the preferred and other al- 2-3.5%. The greater the proportion of Sacramento River
ternatives. Some reduction in Feather River flowwater diverted (33% for the preferred alternative and al-
(3-14%) from October-December for critical and dry ternatives 3B, 4B, and 6B), the higher the predicted mor-
years may reduce spawning habitat for those years. Op-. tality (Table 5-20). The estimated differences in mortality
erational flexibility at Lake Oroville could improve fall for Mokelumne River smolts are substantially less than
spawning water temperature in the Feather Riverone percent for all months and year types. Increased ex-
through cold water releases from the reservoir. Theports in June of critical years can contribute to these
months from January through June are important to fall-losses,
run salmon for egg incubation, rearing and outmigration.
For the NDP alternatives Feather River flows either in- Although experimental releases of smolts in the North
crease (2-16%) or change very little for most years, which and South forks of the Mokelumne River below the Delta
could benefit young salmon in this reach. However, fromcross-channel were inconclusive (USFWS 1987, 1989),
January through March of dry years flows are lower two of the three releases indicated increased survival for
(3-10%)f or project alternatives, possibly reducing habitat,smo.lts released in the. North Fork Mokelumne River.
for that period. Those alternatives (the preferred alternative and alterna-

rive 5A) which include.enlargement of the North Fork of
All project alternatives increase_ the proportion Of Sacra- the Mokelumne River to increase its capacity and create
mento River flow diverted into the central Delta, which habitat through levee setbacks would have the greatest
can cause adult salmon to migrate into the lower San Joa-potential to divert salmon through the shortest, most di-
quin and Mokelumne rivers, delaying their spawning mi-rect route, thus minimizing exposure to export related re-
gration. Increased Sacramento River diversions also af-verse flows in the lower Old and Middle rivers.

Table 5-20
Impacts of Project Alternatives on Salmon and Steelhead

(Com ~ared to Impacts of the No-action Alternative)

Water Qi ali .ty Conditions n Feather River
Egg Incubation, Rear-

Delta Cross-Channel Spawning Period ing, & Outmigmtion Delta Cross
Alternatives Diversion Losses Reverse Flow (October-December) (January-June) Delta Outflow SWP Exports Channel Flow

2A, 3A, 2% increase in mortality Less frequent 3-14% decrease in flows Increased or similar fiows < 1% reduction 1% increase 14% increase in
4A, 5A April-June. 20% Aug-Nov for critical and dry years, for most years, beneficial April-July, 9% May-July, 16% proportion of

. . 30% April-July. with possible reduction to salmon; lower flows in reduction in July increase in June Sacramento River
in spawning habitat. Flex- Jan-Mar of dry years, of dry years, of critical years, flow diverted.
ibility to improve spawning
water temperature with
cold water releases from
Lake Oroville.

3B, 4B 2-3.5% increase in Lass~frequent 3-14% decrease in flows Increased or similar flows < 1% reduction 2% increase May- 33% increase in
SB, 6B mortalityApriI-June~ 40% Aug-Nov for critical and dry years, for most years, beneficial April-July; 8% July;, 24% increase proportion Of

85% Apr-Juty. with possible reduction to salmon; lower flows in reduction in July in June of critical Sacramento River
in spawning habitat. Flex- Jan-March o£ dryyears, of dryyears, flow diverted.years.
ibility to improve spawning
water temperature with
cold water releases from
Lake Orovifie.

2B, 6A 3% increase in Less frequent 3-14% decrease in flows Increased or similar flows < 1% reduction 2% increase May- 30% increase in
mortalityApriI-June. 40% Aug-Nov for critical and dryyears, for most years, beneficial April-July; 8% July;, 24% increase proportion of

55% Apr-Jul3~ with passible reduction to salmon; lower flows in reduction in July in June of critical Sacramento River
in spawning habitat. Flex- Jan-March of dryycar, of dryyears, years, flow diverted.
ibility to improve spawning
water temperature with
cold water releases from
Lake Oroville.
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Impacts of project alternatives on winter-run salmon and
steelhead are not well known, although inferences based Potential Factors Affecting ¯

on data for fall-run salmon indicate that the increased di- Striped Bass Abundance

version of Sacramento River flow into the central Delta Food Supplycould cause straying of adults from January-April of criti-
Lower algal levelscal and dry years. An increase in mortality of smolts mi-
Change in algal bloom speciesgrating down through the Delta system could also occur.
Introduction of non-native invertebrates

General Impacts on Striped Bass                        Lower levels of important native invertebrates

The striped bass, Morone saxatilis, was introduced to the Egg Supply
Lower numbers of fishBay/Delta in the late 1800s, when a few hundred juvenile
Lower numbers Of older fertile femalesfish collected from the Navesink and Shrewsbury rivers in

New Jersey were planted. By the 1890s, the introduced Adult Mortality
fish had done so well that a commercial fishery had been Natural (including old age, disease, poaching,
established--hundreds were caught within the first i0 and toxics)
years. More than I million pounds were landed in Califor- Fishing
nia 20 years after the transplant, and from 1916 to 1935,
the annual commercial catch ranged from 500,000 to 1 Toxics (from urban, industrial, mining, agricultural,
million pounds. Commercial fishing continued until 1935, and other sources)
when it was stopped to provide a better striped bass sports Treated waste
fishery. There has been a recent general decline in angler Untreated waste
success, the direct result of a substantial decline in the Point runoff
adult striped bass population during the 1970s. Non-point runoff

The NDP has the potential to impact the striped bass pop- Entrainment
ulation in the Bay/Delta system. This section provides a State Water Project "
general description of striped bass life history, current sta- Central Valley Project
tus of the population, a description of the factors thought Delta agriculture diversions
to be controlling striped bass abundance, and an analysis Pacific Gas. and Electric Company
of the impacts of the NDR ’ Delta Cross Channel

Much of the detailed information regarding striped bass Outflow and Diversion Rates
has been collected as part of a 1960s DFG/DWR coopera-
tive study and an interagency (DWR, DFG, SWRCB,
USGS, Reclamation, USFWS) study (1971 to date) of theocean migratiort has occurred. A small seLf-sustaining
Bay/Delta. Striped bass are collected and abundance in-population’was established in the Coos River in southern
dices are developed for various life stages from eggsOregon; however, their numbershavedecreased dramati-
through adults. Information is also collected on food sup-cally in recent years.
ply, entrainment, and such environmental variables as the
water’s oxygen content, clarity, and salinity. Recent workSome adult striped bass move from San Francisco Bay in
by Stevens et al. (1990) provides additional analysis of thethe fall, while others remain in the Bay and migrate to the
available data on the striped bass decline. Delta later. In the spring, adults undergo a spawning mi-

gration to the lower San Joaquin River and the Sacramen-
Life History. Unlike many East Coast populations, espe- to River between Isleton and Butte CitY. DFG has esti-
cially those from the Chesapeake Bay, California stripedmated that about 60 percent of the bass spawn in the Sac-
bass apparently spend most of their life cycle in the Bay/ramento River and 40 percent spawn in the lower San Joa-
Delta and in the coastal ocean within a few miles of thequirt River.
GoIden Gate. Striped bass have been caught as far south
as Redondo Beach (Los Angeles County) and as far northFor purposes of this analysis, adult bass are defined as
as the State of Washington, indicating that some limitedthose exceeding the minimum legal catchable size of 18

144

C--071 277
C-071101.178



inches. About half of the bass reach this size at 3 years of verted from their normal migratory paths and nursery.
age. Males can begin spawning at two years of age, but fe- In addition, water project operations may increase
males are generally five years or older. The number of flow velocities in the major transport channels, reduc-
eggs per female (fecundity) varies directly with size and ing water residence times and perhaps the production
age and can range from a few hundred thousand for a of invertebrates, which young bass eat.
young female to a few million for females older than 10 2. Entrainment of young fish and their food supplies in the
years. SWP and CVP diversions and agricultural and industrial

diversions. Striped bass eggs, larvae and juveniles areSince spawning is regulated to a large degree by water removed from the Delta channels and Suisun Baytemperature during the April-June period, the time of
peak spawning varies from year to year and may show sev- through various diversions. These young striped bass

eral peaks within a year. Spawning may also be limited by are lost to local agricultural diversions when.Delta is-
lands are irrigated or flooded for leaching. They aresalinity; most spawning occurs at salt concentrations of

less than 200 mg/1 total dissolved solids (TDS). lost at Antioch and Pittsburg, where Delta water is
pumped for PG&E powerplant cooling systems..

The female broadcasts the eggs into the water, and after Some young striped bass are pulled into the forebay,
fertilization by the male, the developing embryos drift where predation, fish screens, handling, and hauling
with the current. After hatching from the egg, the larvae cause losses. Other young striped bass are pumped
are small (3-5 mm) and depend on food originally avail- into the SWP and CVP water transport systems, where
able in the egg. Mortality from all sources during this peri- they support a striped bass population in both San Luis
od is very high, at times in excess of 50 percent per day. Reservoir and the California Aqueduct. In each case,
The larvae begin to feed at the 5-7 mm stage (about 10 the young striped bass entrained are considered total
days to 2 weeks after fertilization). Survival at this time losses to the p0tential De_!ta striped bass population.
may depend on whether thetarvae are transported to an3. The amount of ou~ow present to transport youngfish away
area where food of the right size and concentration is from water diversions in the Delta and to maintain theavailable. Larval bass initially depend on small crusta- striped bass nursery and the entrapment zone in Suisun
ceans (part of the zooplankton) for food. As the bass grow, Bay, where it is most productive. Striped bass eggs and
they are able to capture larger zooplankton, such as the. larvae, drifting with the current in the lower Sacra-
mysid shrimp (Neomysis mercedes)and later small fish. mento and San Joaquin rivers depend on the down-

By the end of July, the juvenile bass have grown to the stream movement of water to transport them to

30-40 mm size range and are found mostly in the Delta, Suisun Bay, where conditions may be suitable for their

Suisun Bay, and Montezuma Slough (in Suisun Marsh).
growth and survival. The same moderately high out-

Most of the young bass remain in the upper estuary (San fl0ws’necessary to transport young bass downstream

Pablo Bay through the Delta) during their first two years may also enhance production of their food organisms

of life. by keeping the entrapment zone in Suisun Bay.

4. Salinity intrusion. Striped bass require water that is
Environmental Concerns. Water management in the Delta fresh or only slightly saline in which to spawn. In the
presents several problems to the survival and mainte- Delta, spawning occurs mainly in the San Joaquin Riv-
nance of the striped bass resource. These problems may er from Antioch to Venice Island. Salinities in that
be related to: reach are lowest just downstream from the mouth of

1. Using Deltachannelsforfloodcontrolandas conduits to the Mokelumne River. Here fresh water from the

transport water from the Sacramento River across the Del- Mokelumne and Sacramento systems dilutes the wa-
ter from the upper San Joaquin River, which is saltierta to the export pumps of Reclamation and DWR. The

Delta is an important spawning and nursery area, but because of agricultural return flows. Farther west, the

water project operations cause the net direction of river gradually becomes more saline due to the intru-

flow to reverse from the norm in west and south Delta sion of ocean water.

channels. In addition, the Delta Cross Channel diverts Bass apparently react to this salinity regime while on
water into the Central Delta. Many striped bass eggs, their spawning migration. They generally do not mi--
larvae, larger young, and their food organisms can be- grate up the San Joaquin River beyond the point
come entrained in these reverse flows and, thus di- where salinity exceeds 350 mg/1 TDS (550 electrical
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conductance [EC]). In relatively dry years, this salinity the fall and early winter of their first year of life, and as
blockage occurs a few miles upstream from Venice Is- adults on their annual spawning migration. The period of
land. Typically, spawning occurs between Antioch record for the four indices is variable, with the longest pe-
Point and Venice Island, where TDS is less than 200riod of record being for the 38 mm index (also called the
rag/1 (310 EC), but water that fresh is not essential for townet index), the fall index (also called the mid-water
egg survival. Laboratory studies have indicated thattrawl index), and adult population size and age distribu-
salinities up to 1,000 mg/ITDS (1560 EC) do no~ affect tion. The. discussion of trends in abundance focuses on
egg survival, these three indices.

Whereas salinity up to 1,000 mg/1TDS apparently doesThe townet index is designed to represent the number of
not increase egg mortality and has, at most, a limitedstriped bass in the upper estuary when the average size of
short-term effect on the location of spawning, the.the juveniles collected is 38 ram. Sampling limitations
long-term effect of salinities above 200 mg/l TDS is such as the use of less than 100 percent efficient nets,
uncertain. Striped bass have a pronounced tendency topatchiness, and annual fluctuation in spatial distribution
return to the same spawning area each year and occa-are severe enough to prevent the calculation of absolute
sional less-than-optimum salinity conditions may not ~numbers of juvenile striped bass. Nevertheless, the tow-
deter this migration. ’ net index provides a good relative measure of abundance
SWRCB Decision 1485 salinity standards protectof each year class to 38 ram. In extremely wet years, such
striped bass spawning in the west Delta. The spawningas 1983, the index ig probably biased low since flows may
standards (salinities and minimum Delta outflows) arewash many small bass downstream Of the sampling area.
effective April 1 through May 5; the survival standards
(minimum Delta outflows) are effective May 6 The townet index has varied from a low of about 4 in 1990

through July 31. These Standards have a relaxationto a high of about 117 in 1965 (Figure 529). The 1976-77

provision when the projects impose deficiencies indrought seems to coincide with a break in the curve, with
the pre-1977 index averaging about 67 and the post-1977firm supplies. These deficiencies occur when, due to a

water supply shortage, water users are denied the full index (through 1990) averaging about 21. Since the

amount of water that they would otherwise be en- drought, only 1986 resulted in a year-class comparable to

titled, those in the 1960s and early 1970s. These data demon-
strate that the number of juvenile striped bass has been

Status of the Stock. Indices of stripedbass abundance havemuch lower during the past decade than before the
been obtained at the egg and larval stage, at 38 mm, during1976-77 drought.
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Figure 5-9. Striped Bass Summer Townet Index, 1959-1990
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Figure 5-10. Fall Total Mid-water Trawl Striped Bass Index, 1967-1989

0 ~    i    ~    ~    I    ~ ,    i    ,    I    I    I    !    I    I    ~    ~    ~ ,    I    ,    ~    ,    ,
65 70 75; 80 85 90

YEAR

Figure 5-11. Total Number of Adult Striped Bass 1969-1987
as Estimated by the Peterson MarkRecapture Method

The total fall mid-water trawl indices from 1967 through index, after 1977, the fall index has been about half of
1989 are plotted in Figure 5-10. Individual indices are de-what it was before the drought.
termined for the months of September, October, Novem-
ber, and December; however, only the total index isAnother index of striped bass abundance is obtained as
plotted. This index cannot be numerically compared withthe adult bass migrate up the Sacramento and San
the townet survey index since the collection and compute-quin rivers on their spawning runs. Adult fish are captured
tional methods are different. Although numerically larg- :by nets and traps, and tags are applied to fish of legal size.
er, the fall index represents fewer fish due to substantialAlso, age of the fish is determined by analyzing growth
mortalitybetweensummerandfallsurveys.Thefallindexrings on their scales. Through creel census and subse-
ts more erratic than the townet. However, like the townet - quent tagging operations, some tagged fish are recovered.
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By use of computations involving the number of tags 5-12 contains a plot of the measured abundance index
applied, the number recovered, and the ages of the tagged and the index predicted by the regression.
fish (plus several assumptions), an annual age-specific es- After 1976 (with the exception of 1986), the regression
timate of the adult population size is obtained. Because of equation consistently overestimates the number of
sampling problems (especially related to low numbers of young yearling striped bass (Figure 5-12). (The 1983
tags applied to older fish), these estimates have fairly yearclass should notbe considered in this comparison,
large margins of error, because high spring flows washed fish out of the sam-

As shown in Figure 5-11, the adult striped bass population
pling area.)

was relatively stable at about 1.5 to 2 million fish from The data indicate that some fundamental change in

1969 through 1976. In 1977 the population appeared to system productivity may have occurred after the

drop precipitously to about 1 million fish and again has re- 1976-77 drought because flows and diversion rates

mained fairly stable. Given the wide variabilitybefore and similar to those before the drought do not result in as

after 1976, it is impossible to determine if there was actual many fish.

year-to-year variation in. numbers of fish. There is no¯ Food Supply. One possible explanation for recent low

doubt, however, that there have been significantly fewer production of juvenile striped bass is that there maybe

adult fish since 1977 than there w~re in the early 1970s. less total food or less high-quality food available for
.. the larval and juvenile bass. This hypothesis is sup-

Factors Controlling Stock Size. In 1987, several agencies ported in part by the following general observations:
submitted evidence to the SWRCB concerning the striped ~.. (1) Since 1976, there has often been lower algal stand-
bass decline and factors that may control their distribution ing crop in such -..striped bass nursery areas as Suisun
and abundance at different life stages in the Bay/Delta. Bay and the central, west, and south Delta. However,

as yet there has been no relationship demonstrated
Important points are listed below: between the algal standing crop and striped bass

¯ Delta OuOTow and Diversions. Prior to 1977, a regres- year-class strength.

sion equation developed by DFG explained most of (2) Since 1976 many of the Delta phytoplankton
the annual variation in the summer townet index, blooms have been dominated by a chain diatom, Me-
Most of the variability in this equation, can be ex- losiragranulata, which may not be as available for use
plained by outflow at Chipps Island during May and in the striped bass food web as previously dominant
June and the percentage of Delta inflow diverted by algal species. However, there is no strong evidence to
the SWP, CVP, and local Delta agriculture. Figure show that increased Melosira abundance has re-
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Figure 5-12. Observed and Predicted Indices of Striped Bass Abundance at 1,5 Meters,
1959-1984.
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stricted the food supply available to young striped fects on production of pelagic fish, such as striped bass,
bass. in the system.

(3) SeveraI introduced species of invertebrates have (4) Since the 1976-77 drought, Neomysis, a key food

recently become established in the Bay/Delta, which organism for striped bass (and other Bay/Delta car-

have either displaced other animals common in the niv0rous fish) has been found at generally low popu-

diet of young striped bass or which may be competing lation levels (Figure 5-14).

with them for food. Two foremost examples of these The Interagency Ecological Studies Program has ini-
accidental introductions, both from Asia, are a cope- tiated studies that use such measures as daily growth
pod, Sinocalanus, and a clam, Potamocorbula. Sinoca- rate, body measurements (morphometrics), and tis:
lanus has apparently largely displaced a native cope- sue development (histology) to assess the condition
pod Euryternora, which was extensively fed upon by of young striped bass in the Sacramento,San Joaquin
larval striped bass (Figure 5-13). estuary: Preliminary results indicate that selected

Laboratory studies have shown that Sinocalanus is measures of morphology and histology of wild striped
bass larvae do not significantly differ from well-fedbetter able to avoid capture by young bass than Eury-

remora. The small clam, Potamocorbula, was first ob- hatchery striped bass. This indicates that the captured

served in 1986 and appears to be dominating the bot- striped bass were apparently well fed in 1988. Howev-

tom-dwelling community in San Pablo Bay, Suisun er, starved bass may have died and were not available

Bay, and the west Delta. This clam is an effective fil- to be captured in the field program. A wider variety

ter feeder and may be removing significant amounts of sites were completed in 1989; however, the data are

of algae and zooplankton from the water column, not yet available.

-~v -- - ~~"~’othes~ze’~ that ob-
DFG reported that there is some evidence that adultDuring the drought,USGS

served low algae and zooplankton in Suisun Bay and striped bass from the estuary are not food limited, or
at least that the adults captured do not exhibit syrup-the west Delta was due to grazing by other clams, Mya- toms associated with insufficient food.arenaria and Macoma bathica, which temporarily in-

vaded Suisun Bay and the west Delta due to increased In summary, there is some evidence indicating that
seawater intrusion. Potamocorbula is tolerant of a food supply may be limiting survival of larval and ju-
wider salinity range and could becdme a permanent venile striped bass. However, there is no direct evi-
member of the benthic community, with long-term ef- dence that such limitations have actually affected the
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Figure 5-13. Densities of Eurytemora and Sinocalanus, All Areas, 1972-1985
(Adopted from DFG, 1987)

149

C--071 282
C-071101.183



~ 0 0 ..........................................................~ ...................~ ...........................................~ ...................................................................

65                70                75                80                85                90
YEAR

Figure 5-14. Mean March-November Neomysis Abundance from
western Suisun Bay to Rio Vista on the Sacramento River, and to the mouth of Old River

on the San Joaquin River, 1969-1985. Adapted from DFG 1987b

ability of striped bass to survive during their first few ized as fishing and natural mortality. Natural mortality
weeks, includes those adult fish dying from old age, disease,

¯ Egg Supply. One explanation for low indices of juvenile
poaching, and toxics. Fishing mortality includes legal
and some illegal take by anglers. The total annual mor-

abundance since the 1976-77 drought has been the tality of adult s~riped bass in the Bay/Delta system has
lack of eggs to "saturate" the environment. According shown an upward trend from 1969 through 1984 (Fig-to this theory, when conditions are optimum, good ure 5-15). This upward trend is due to higher mortality
year classes are produced because egg supply is not of those fish5years and older (Figure 5-15), with mor-
limiting. In a system with less than optimum environ- tality of 3- and 4-year-old fish being relatively stablemental conditions and high larval mortality, a larger at about 50 percertt.
egg supply is needed to ensure that enough juveniles
remain after the period of high initial mortality to pro- Although total annual mortality exhibited an upward
duce a good year class. The egg limitation hypothesis is trend, the expected similar trend in either natural

supported by the lower adult population abundance mortality or legal take did not occur (Figure 5-16).
since the drought and the sharply reduced numbers of DFG believes that the striped bass populations should
older, highly fecund, females in the population. Be- be able to sustain the 15 to 30 percent harvest rate

cause of these two factors, the present egg supply is found in the Sacramento-San Joaquin system.
probably less than one-third of that found in the early Although overall fishing mortality is relatively low
1970s. compared to values for other populations such as in

That the present striped bass population can produce Chesapeake Bay, there :has been a decrease in the av-

a relatively strong year class, given adequate environ- erage age of Bay/Delta striped bass population. One

mental conditions, was demonstrated in 1986. The result of decrease in average age is that the population
now contains a significantly lower percentage of older1986 townet index was about 65, the best since the
females (7 years old and older) than it did in the earlydrought and similar to those produced before the

drought with the same general environmental condi- 1970s. Fish 7 years and older averaged 13 percent dur-

tions. This good year class was in spite of the fact that ing the 1969 through 1976 period, compared to an av-

there was no apparent change in numbers of spawn- erage of 5 percent in the 1977 through !987 period. As
mentioned earlier, the older larger females carry rela-

ers in 1986. tively more eggs than younger ones. Thus, the corn-
¯ Adult Mortality. Adult mortality is assumed to occur af- bined effect of lower overall population, plus the de-

ter striped bass reach legal size and may be character- Crease in older females, is to cause a greater loss of egg
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Figure 5-15. Estimates of Total Annual Mortality Rates for Striped Bass
in the Sacramento-San Joaquin Estuary from 1969-1984
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Figure 5-16. Estimates of Fishing and Natural Mortality Rates for Striped Bass
in the Sacramento-San Joaquin Estuary from 1969-1984

production capacity than would be indicated by popu- agricultural lands. These waters.often contain mated-
lation numbers alone, als such as trace metals, pesticides, and organic mate-

rials that can potentially adversely affect the survival

Toxics. The Bay/Delta and its surrounding watershed of striped bass and their food organisms.

receive treated and untreated waste water and point Studies by the National Marine Fisheries Service
and nonpoint runoff from urban areas, mines, and (NMFS) conducted in the late 1970s and early 1980s

151

C--071 284
C-071101.185



indicated that striped bass in this estuary exhibited San Francisco Bay receives large inputs of ocean water
symptoms typical of those induced by pollutants: (appr9ximately 2.1 million cfs during flood tide).
These symptoms included high egg resorption rates DFG, with technical assistance from NMFS and finan-
and the presence of extensive parasite infections, cial support from the SWRCB, has carried on a limited
Adult striped bass from the Bay/Delta were generally version of adult striped bass "health" monitoring. The
found to be in poorer health than fish of similar age present monitoring consists of collecting 40 adult pre-
and sex collected in Oregon, Lake Mead, or the East spawning females from the Sacramento and San Joa-
Coast. Unfortunately, changes of program priority quin Rivers (20 each) and analyzing them for a variety
within NMFS resulted in their research being termi- of chemical residues and measurements of egg resorp-
hated before the necessary cause, effect studies were tion, parasite infestation, length, and weight. In their
completed. 1987 progress report, DFG staff concluded:

A Citizens for a Better Environment report Toxic Hot (1) The health of the Bay/Delta striped bass p0pula-
Spots in San Francisco Bay, August 1987, identified 39 tion is being impacted by toxics.
toxic hot spots where toxic chemicals have reached (2) Egg resorption rates may still be at levels that ad-
threatening levels in thesedinients, Shellfish, ducks versely impact egg production.
and waters of the San Francisco Bay estuary. The re- (3) Research to date has not been able to draw strong
port states: ’

direct relationships between specific pollutants and

"...The toxic hot spots pose serious, p0orly
striped bass health.

controlled risks to aquatic life and human (4) The health monitoring program should be thor-
health, and are adversely affecting the benefi- oughly reviewed and restructured so that it will more

cial uses of Bay waters. Pollutants such as pesti- effectively index striped bass health and lead on to
cause-effect relationships.cides, petrochemicals, PCBs, selenium, mercu-

ry and other toxic heavy metals exceed available The report also recommended that only limited field
environmental health effects criteria or stan- sampling and analysis be conducted in 1989 so that
dards at the identified toxic hot spots. At some time would be available for program review. DFG has
sites, toxic pollutants have bioaccumulated in assembled a panel of outside experts to help in this re-
edible shellfish to levels amongst the highest view.
detected in any estuary in the world. At some The Central Valley Regional Water Quality Control
Sites, the toxicity of Bay sediments to aquatic Board has recently released results of toxicity bioas-
organisms has been demonstrated by laborato- says, which indicate that the Colusa Basin Drain and
ry tests, and field studies have documented lo- other agricultural and municipal drains may be dis-
calized biological degradation." charging materials to the Sacramento and San Joaquin

rivers that makes them acutely toxic to striped bass and
The report went on to recommend that fresh water di- fathead minnow larvae, an invertebrate (Ceriodaph-
versions be evaluated and modified to reduce the po- nia), and algae.
tential for toxic hot spots to increase, especially in the Although the extent to which toxic substances maySouth Bay. DWR believes that any dependency on
outflow to control toxics is not only ineffective but also

contribute to the continued decline of striped bass has
not been determined, there is reason for general con-of questionable legitimate beneficial use. High flows
cern in this area.do dilute pollutants in the Bay. However, minimum

summer flows, with or without fresh water diversions ¯ Spawning Habitat. Theie is no evidence that spawning

dilute pollutants in San Francisco Bay very little. Low habitats have been damaged. SWRCB standards have
flows continue for a long enough period in most years sufficiently protected them.
for an equiiibrium to be established between pollutant̄ Larval Survival Rates. The rate at Which striped bass
concentra}ions and dilution due to tidal action. Ade- survive their first few months is critical to subsequent
quate quality at that equilibrium depends on sufficient juvenile bass abundance. Larval bass survival varies
waste treatment, not on fresh water flow levels. The greatly from year to year. Years that have produced
South Bay in particular is hydraulically isolated from the least fish have also had extremely low survival of
flows, to control pollution during much of the year. larvae. The cause is not yet known.
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Entrainment. The Sacramento-San Joaquin Delta, the the intake to Banks Pumping Plant and a description
lower San Joaquin River, and Suisun Bay have numer- of the agreement to offset the impacts.DWR is raising
ous diversions that can entrain striped bass eggs, lar- and releasing bass to offset losses at the Banks Pump-
vae, and juveniles. Following are the major diversions ing Plant.
causing entrainment losses, along with a brief descrip- SWP recently began diverting about 120 cfs out of
tion of any fish protection facilities, and where possi- Barker Slough in the north Delta. This diversion was
ble, some idea of the actual numbers lost. not in effect.during the period of decline. State-of-
(I) State Water Project. SWP presently diverts up to tl{e-art fish screens (wedge wire with 5/32-inch open-
about 6,400 cfs of water from the south Delta near the ings) were installed to protect juvenile striped bass and
town of Byron. Extensive fish protective facilities have other fish, Surveys have shown that very few striped
been constructed to minimize fish losses. Figure 5-17 bass eggs and larvae are found in this area.
is a plot of the total numbers of striped bass collected (2) CVP intake near Tracy. The CVP has the capacity to
at the Skinner Fish Facility during 1968 through 1989. divert up to 4,600 cfs from the south Delta. The
These screens are not effective for striped bass less screening system is similar to that used by SWP except
than about 20 mm long; in 1985, 1986, 1987, 1988 and that the primary system is one long louver instead of a
1989, separate surveys were made to estimate losses at series of bays. Striped bass salvage for 1968-1988 is
these stages. At the SWP intake, estimated losses of shown in Figure 5=18.
stripedbass eggs and larvae less than 20 mm long (con- (3) Contra Costa candi. The Contra Costa Canal di-verted to yearling equivalents) were: verts an average of about 200 cfs through an un-

1985- 68,488 screened intake near Rock Slough. DFG estimated
1986 - 37,109 that as many as 5 million young-of-the-year striped

bass were entrained in the Contra Costa Canal during
1987 - 43,846 1972 and 1973.

1988 - 59,625 (4) Delta Agricultural Diversions. There are approxi-

1989 - 56,309 mately 1,800 small agricultural diversions, which take
about 3,000 to 4,000 cfs of water from Delta channels

The analysis of direct impacts, discussed later in Chap- during spring and early summer, when striped bass
ter 5 under "Direct Impacts of the Delta Complex on eggs and larvae are most vulnerable to entrainment.
Striped Bass; Including Eggs and Larvae;" includes a None of these diversions is screened or otherwise op-
more detailed description of all striped bass losses at erated to prevent or minimize entrainment.
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Figure 5-17. Striped Bass Salvage at the Delta Intake to the SWR, 1968-1989
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Figure 5-18. Striped Bass Salvage at the South Delta Intake to the CVP, 1958-1989

Although reliable numbers of striped bass lost to the (7) Delta Cross Channel and Georgiana Slough. A1-
Delta agricultural diversions are difficult to obtain, though not a diversion in the typical sense, the diver-
DWR estimated that 1978 and 1979 egg and larval sion of water from the Sacramento River to the inter~-
losses to such diversions were about 600 million per or Delta via the Delta Cross Channel and Georgiana
year, or about the same order of magnitude as those Slough has the potential to adversely impact striped
lost to SWP and CVP diversions, bass. This conclusion comes from analyses showing

that in recent years the Delta has become a less hospi-
(5) Pacific Gas and Electric (PG&E). PG&E operates tame nursery area for young striped bass. It appears
two power plants (Antioch and Pittsburg) which divert that projects resulting in more eggs and larvae drawn
coolingwater from the striped bass nursery area. Jure- to the Delta could adversely impact year-class
nile striped bass entrained in these intakes can be strength.
killed due to temperature changes. Between March :
1978 and March 1979, it was estimated that about 144 As is apparent from the preceding discussion,
million striped bass were entrained and killed by the hundreds of millions of juvenile striped bass are lost
Pittsburg Power Plant. Fewer striped bass were lost annually to diversions from the Sacramento River, the
through the Contra Costa Power Plant. Recent Delta, and Suisun Bay. The impact of these losses on
changes in operation plus lower striped bass abun- adult population numbers is difficult to determine.
dance have apparently reduced these los.ses consider- Because striped bass are prolific spawners, the species
ably. PG&E is releasing hatchery-produced bass to has evolved in a manner that allows for over 99 percent
offset losses at the facilities, mortalitybetween eggs and adults while still maintain-

(g) Miscellaneous Other Diversions. In addition to diver- ing a level population.

sions for Delta agriculture~ water is diverted at numer- Some mechanism is probably present to maintain
ous locations in and below striped bass spawning ar._eas adult population stability in spite of variations in year
in the Sacramento and lower San J0aquin rivers for class strength since there is an apparent lack of corre-
agricultural, municipal, and industrial uses. There has lation between the 38 mm index and subsequent abun-
been no analysis of the numbers of striped bass lost to dance of 4 year olds from the same year class (Figure
these diversions. In 1990, DFG will initiate a major 5-19). " " " " "Th~s differentiation between luvemle and adult
study of unscreened diversions in the Central Valley, abundance is also demonstrated by the indices them-
with particular reference to salmonid. Information in selves; i.e., the 38 mm index varied about tenfold (from
this study may also be relevant to striped bassi . 117 to 9 ) during1965 through 1983, whereas the popu-
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Figure 5-19. Townet Index vs Subsequent Number of 4-year-old Adult Striped Bass

lation of 4 year olds only varied by a factor of 3 (from striped ba~s survival and abundance under the NDP alter-
about 600,000 to 200,000). natives follow:

Although the 38mmindex is not correlated to the sub-
sequent abundance of4-year-olds from the same year 1. Salinities (TDS) in the west Delta during spawning
class, DFG has found that it is closely correlated to an (April and May). High salinities could be detrimental
index of the abundance of 4-year-old bass. Fishery to spawning and egg survival. The D-1485 water quali.
biologists do not agree on which of these two methods ty standards to protect striped bass spawning call for
better reflect the relationship between the abun- specific conductance not to exceed 0.550 mmhos dur-
dances of 38 mm and adult striped bass. ing April 1 to May 5 at Prisoner’s Point on the San Joa-

The above discussion does not mean that juvenile proL quirt River. This standard equates to approximately
duction is unimportant to adult striped bass abun~ 350 rag!! total dissolved solids (TDS).

dance. DFG believes that entrainment losses are hav-
Table 5-21 summarizes monthly average salinities ating an impact on egg production through cumulative

effects on the numbers of adults. Antioch and Prisoner’s Point in the San Joaquin River
for the five water years chosen out of the 57-year study

Impacts of NDP. Uncertainties about factors affecting period to be representative of each water year classifi-
striped bass complicate analysis of the striped bass impacts cation.
associated with the change of export pump!rig and Delta
flow and salinity patterns caused by the NDP alternatives. 2. Flows in the lowerSanJoaquin River during May, June,
Impacts on the food supply for young striped bass cannot and July. Reverse flows in the lower San Joaquin River
be analyzed completely because information and under- can adversely affect striped bass by pulling eggs, far-
standing are lacking, vae, and juveniles from the Sacramento River and

Suisun Bay toward the Delta. Once in the Delta, these
Important factors that could be quantified and that were life stages are subject to increased diversion by locala-
considered in the analysis of general impacts on young gricultural intakes and by the State and federal pumps.
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Table 5-21
Mean Monthly SaIinities in Lower San Joaquin River During Striped Bass Spawning

For the Five Representative Water Years
(Values in milligrams per liter of total dissolved solids)

[3.8 MAF SWP Demands]

San Joaquin River at Antioch

Below Above
Critical Dry Normal Normal Wet

Alternative April May April May April May April I May April [ May
1 - 1,224 1,310 486 269 226 205 84 85 112 101

2A 1,336 1,174 449 213 174 159 84 85 112 102
2B 1,!70 896 269 157 145 140 84 86 101 90
3A 1,336 936 449 213 174 159 84 " 85 i12 102
3B 1,226 936 312 165 143 147 84 85 113 99
4A 1,336 1,174 449 213 174 159 84 85 112 102 ¯
4B 1,226 936 312 165 143 147 84 85 113 99
5A 1,336 1,174 419 213 174 159 84 85 112 102
5B 1,226 936 i312 ~ 165 143 147 84 85 113 99
6A 1,170 896 269, 157 145 140 84 86 101 90
6B 1,226 936 312 165 143 147 84 85 113 99

San Joaquin River at Prisoners Point

Below Above
Critical Dry Normal Normal Wet

AprilI May April May April May April[ May April [ MayAlternative

1 95 93 86 86 84 86 82 83 142 98
2A 95 94 84 88" 83 89 82 86 137 100
2B 91 ~96 84 91 85 92 80 85 34 94
3A 95 94 84 88 83 89 82 86 137 100
3B 88 89 82 86 82 87 81 83 148 98
4A 95 ’ 94 84 88 " 83 8.9 82 86 137 100
4B, 88 89 82 86 82 87 81 ~83 148 98
5A 95 94 84 88 83 89 82 86 137 100
5B 88 89 82 86 82 87 81 83 148 98
6A 91 96 84 91 85 92 80 85 , ~ 134 94
6B 88 89 82 86 82 87 ... 81 83 148 98

Table 5-22 summarizes projected seasonal flows in the 3. Delta ouOqow and SWP exports in May, June, and July.
San Joaquin River at Antioch under the NDP alterna- During May, June~ and July, striped bass eggs, larvae,
tives. The two periods shown are May through July and juveniles are probably most vulnerable to environ-
and August through November. The May through mental stresses.
July period is most critical for the larval and early juve-
nile stages. During August through November, Table 5-23 summarizes May, June, and July Banks
young-of-the-year are still subject to entrainment Pumping Plant diversions and April-July Delta out-
and reverse flows can contribute to increased entrain- flow by Decision 1485 water year types over the
ment losses. 57-year study period for the No-action alternative
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Table 5-22
Mean Monthly Flows in Lower san Joaquin River1

Affecting Striped Bass Spawning
For the Five Representative Water Years

(Values in Cubic feet per second)
[3.8 MAF SWP Demands]

¯ Below Above
Critical Dry              Normal Normal ° Wet

~Iternative Aug-Nov May-Jul Aug-Nov May-Jul Aug-Nov May-Jul Aug-NovlMay-Jul Aug-NovlMay-Jul

1 530 -154 22 30 -628 134 -369 2,853 -77 2,480
2A 845 95 193 283 -332 542 50 3,423 72 3,296
2B 1,309 418 500 751 18 1,023 615 4,142 188 3,771
3A 845 95 193 283 -332 542 50 3,423 72 .3,296
3B 1,439 538 612 880 78 1,156 728 4,232 204 3,900
4A 845 95 193 283 -332 542 50 .3~,423 72 3,296
4B 1,439 538 612 880 78 1,156 728 4,232 204 3,900
5A 845 95 193 283 -332 542 50 3,423 72 3,296
5]3 1,439 538 612 880 78 1,156 728 4,232 204 3,900
6A 1,309 418 500 751 18 1,023 615 4,142 188 3,771
6B 1,439 538 612 880 78 1,156 728 4,232 204 3,900

1San Joaquin River at Antioch. Negative sign indicates reverse flows.

(Operation Study 423) without a SDWMP alternatives no longer produces as many juvenile bass as before.
(Operation Studies 424-429) Table 5-24~shows the monthly average May through

July ratios of cross-Delta flows to Sacramento River
4. Flows throttgh the Delta Cross Channel andGeorgiana        flows (Delta Cross Channel and Georgiana Slough

flows divided by Sacramento River flows) during the
Slough during May and June. There is some evidence five representative water years.
that actions causing more bass to reach the central
Delta can adversely affect the production of juvenile There is disagreement whether changes in these condi-
striped bass. During the past several years the centraltions will significantly affect the numbers of adult striped
Delta has become a less hospitable nursery area forbass in the Bay/Delta; however, these conditions are the
young striped bass. For example, during 1960 throughones most often included on lists of important factors for
1965, the Delta contributed an average of about 60striped bass abundance. Where possible, the analysis in-
percent of the juvenile striped bass index. Twentycludes information bearing-on potential impacts of
years later, from 1980 through 1985, the average con,changes in Delta conditions on adult numbers. This analy-
tribution by the Delta stations had dropped to lesssis is limited to the impact of NDP. Possible cumulative
than 30 percent. It is not clear why the central Delta impacts of other projects are described in Chapter 6.
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Table 5-23
Banks Delta Pumping Plant Diversions and

Delta Outflow During Periods of Striped Bass Abundance
(Mo.nthly average flows in cubic feet per second over 57-year study period)

[3.8 MAF SWP Demands]

Banks Pumping Plant Delta Outflow

Alternative1 May June July April May June July

With Existing South Delta Facilities                    ~

Critical Year

1 1,576 1,177 1, "148 4,779 4,550 3,858 4,160
2A 1,559 1,362 1,074 4,779 4,550 3,85"1 4,041
213 1,644 3.,453 1,056 4,779 4,550 3,850 3,955
3A 1,582 1,397 1,095 4,779 4,550 3,850 4,000
3B 1,650 1,459 1~069 4,779 4,550 3,850 3,955
4A 1,582 1,397 1,095 4,779 4,550 3,850 3,955
4B 1,650 1,459 1,069 4,779 4,550 3,850 3,955
5A 1,582 1,397 1,095 4,779 4,550 3,850 3,955
5B 1,650 .1,459 1,069 4,779 4,550 3,850 3,955
6A 1,605 1,421 1,124 4,779 4,550 3,850 3,958
6B "1,650 1,459 1,069 4,779 4,550 3,850 3,955

Dry Year

1 2,431 2,000 3,787 8,396 7,579 6,262 6,152
2A 2,430 2,000 4,061 8,413 7,579 6,262 5,588
2B 2,429 2,000 4,247 8,340 7,579 6,262 . 5,661
3A 2,430 2,000 4, .146 8,326 7,579 6,262 5,620
3B 2,429 2,000 4,258 8,347 7,579 6,262 5,666
4A 2,430 2,000 4,146 8,326 . 7,579 6,262 5,620
4B 2,429 2,000 4,258 8,347 7,579 6,262 5,666
5A 2,430 2,000 4,146 8,326 7,579 6,262 5,620
5B 2,429 2,000 ~4,258 8,347 7,579 6,262 5,666
6A 2,429 2,000 4,216 8,333 7,579 6,262 5,648
6B 2,429 2,000 4,258 8,347 7,579 6,262 5,666

Below Normal Year

1 2,432 2,000 4,337 9,083 9,664 8,433 6,879
2A 2,431 2,000 4,507 9,210 9,663 8,433 6,936
2B 2,430 2,000 4,575 9,170 9,663 8,433 6,991
3A 2,431 2,000 4,536 9,194 9,663 8,433 6,958
3B 2,430 2,000 4,579 9,154 9,663 8,433 6,993
4A 2,431 2,000 4,536 9,194 9,663 8,433 6,958
4B 2,430 2,000 4,579 9,154 9,663 8,433 6,993
~5A 2,431 2,000 4,536 9,194 9,663 8,433 6,958
5B 2,430 2,000 4,579 9,154 9,663 8,433 6,993
6A 2,430 2,000 4,563 9,186 9,663 8,433 6,985
6B 2,430 2,000 4,579 9,154 9,663 8,433 6,993
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Several NDP alternatives have been described in earlyoutflow. Implementation of such measures could avoid or
sections of this report. The following discussion of poten-reduce the potential adverse impacts of the NDP on
tial environmental impacts on stripedbass focuses on howstriped bass. The scope and status of these negotiations
the preferred and other alternatives compare to the No-are described in more detail later in this report.
action alternative. No new fish screens are included in the
preferred alternative or other alternatives in the analysis, and Table 5-21 shows that~ with the North Delta alternatives,
the operation of the Forebay is relatively unchanged from the Decision 1485 standards for striped bass spawning at Pris-
present. A more complete description 0f the preferred al- oner’s Point would be met for all years. Generally, ttie
ternative is found in Chapter 3. Impact assessments forNDP alternatives would substantially improve water qual-
the preferred alternative and other alternatives, exceptity for striped bass spawning in the western Delta in repre-
entrainment losses, do not include projected water diver-sentative critical, dry and below normal years.
sions for Los Banos Grandes and Kern Water Bank.

Table 5-22 shows that May-July flow in the lower San Joa-

No-action Alternative. Engineering studies indicate that quin River would be substantially higher with the North

under the No-action alternative, striped bass spawningDelta Alternatives than with the No-action alternative.
standards would be met in all years. In the SacramentoFrom August through November, flow in the lower San

River, salinities are maintained during critical years byJoaquin River would also be higher with these three

project reservoir releases. Striped bass in the SacramentoNorth Delta alternatives than with the No-action alter-

River spawn upstream of the salinity interface, native. Higherflowwould reduce the frequency and mag-
nitude of reverse flow and thereby improve conditions in

The lack of consensus regarding delineation of an entrap-the western Delta for juvenile striped bass in the late

ment zone precludes the use of Delta outflow values andspring and early summer during the critical time of bass
surface salinity estimates to determine the location of thespawning and larval abundance.

entrapment zone for the No-action alternative. It would
However, Table 5-22 also shows that with the North Deltapresumably be the most beneficial to young bass if the en-
project alternative, flow from August through Novembertrapment zone consistently occurred within Suisun Bay

during May through July; however, it is unknown how of- could be less than with the No-action alternative. Less
flow and the more frequent flo~v reversals could worsenten this will occur, conditions for young striped bass later in the season.

Project Alternatives. The NDP alternatives would usually Table 5-23 indicates that with existing South Delta facili-reduce salinity and the magnitude and frequency of re-ties, SWP pumping from May through July of most years
verse flow in the western Delta. Reducing salinity would would be essentially the ~ame with the six North Delta
increase spawning habitat for striped bass. More consis-project alternatives as with the No-action alternative.
tent downstream flow would reduce the number of youngHowever, pumping was greater with the North Delta proj-
bass being pulled back upstream into the central and

ect alternatives than with the No-action alternative insouth Delta, where rearing habitat is of poorer quality andJune of a representative critical year and in July of dry and
the fish are more susceptible to entrainment in diversionbelow normal years. Less water was pumped in June of
facilities. However, the project alternatives could also ad-the critical year with the project alternatives.
versely affect the survival of young striped bass by increas-
ing the proportion of young diverted from the SacramentoHigher pumping would increase reverse flow in the South
River into the interior Delta, by increasing entrainment,Delta, would increase entrainment in the SWP’s pumps,
and perhaps by reducing Delta outflow in some months ofand thereby could worsen conditions for juvenile striped
critical and dry years, bass. Less pumping would reduce reverse flow, decrease

entrainment, and thereby could improve conditions for
Several measures are being considered in the Article VII the juvenile bass. Direct losses of striped bass associated
negotiations to avoid, reduce, or mitigate the potential ad-with the project and No-action alternatives are discussed
verse effects of the NDP and other water project opera- further in this chapter under "Direct Impact of the Delta
tions on Bay-Delta fish and wildlife. Among the mea- Complex on Striped Bass."
sures being considered to protect striped bass are short-
term closures of the Delta Cross Channel, modifying limi-Table 5-23 also contains the projected Delta outflow at
tations on Delta exports, and changing minimum DeltaChipps Island from April through July. Delta outflows
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Table 5-24
Ra[io of Cross Delta Flow1 to Sacramento River Flow
For M, onths of High Young Striped Bass Abundance

For the Five Representative Water Years (3.8 MAF SWP Demands)

Critical Dry Below Normal Above Normal Wet

Alternativel 12A’’1[ May
Jun Jul May Jun Ju, May Jun Ju, May Jun Ju,

~’, May

Jun Ju,

0.51 0.50 0.50 0.46 0.47 0.44 0.47 0.46 " 0.43 0.34 0.37 0.41 0.40 0.41 0.43

2B 0.57 0.57 0.57 0.52 0.53 0.51 0.53 0.53 0.49 0.39 0.44 0.48 0.46 0.47 0.49

3A 0.53 0.52 0~52 0.48 0.48 0.46 0.48 0.48 0.44 0.35 0.39 0.43 0.41 0.42 0.44

3B 0.60 0.59 0.59 0.54 0.55 0.52 0.53 0.53 0.49 0.39 0.44 0.49 0.47 0.48 0.50

4A 0.59 0.52 0.52 0.49 0.49 0.46 0.49 0.48 0.44 0.36 0.39 0.43 0.42 0.43 0.44

4B 0.61 0.61 0.61 0.56 0,57 0.53 0.57 0.56 0.52 0.40 0.44 0.50 0.48 0.49 0.52

5A 0.53 0.52 0,52 0.49 0.49 0.46 0,49 0.48 0.44 0.36 0.39 0.43 0.42 0.43 0.44

5B ** 0.61 0.61 0.61 0.56 0.57 0.53 0.57 0.56 0.52 0.40 0:44 0,50 0.48 0.49 0,52

6A 0.55 0.54 0.54 0.50 0.50 0.48 0.50 0.50 0.46 0.37 0.41 0.45 0.43 0.44 0.46

6B 0.63 0.63 0.62 0.57 0.58 0.55 0.58 0.58 0.53 0.40 0.45 0.52 0.48 0.51 0.53

*Cross-Delta flows are the sum of flows in Delta Cross Channel and Georgiana Slough. Low ratios in May of Above_ Normal and Wet
Years reflect closure of Delta Cross Channel according to Decision !485 constraints to minimize cross-Delta
movement of salmon and diversion o! young striped bass into the central Delta.
**Preferred Alternative                                                                       "

with the six project alternatives are usually similar toGeneral Impacts on American Shad
those with the No-action alternative. However, outflows
were 5 to 10 percent lower with the project alternatives in American shad were first introduced into the Sacramen-
July of representative critical and dry years. In theseto-San Joaquin River System in 1871, when the system
months, the mixing zone would be slightly farther up-wasstilllargelyinitsnativestate.Theinitialplantofabout
stream with a North Delta project than it would be with- 10,000 young-of-the-year was followed by additional
out the project, which could slightly worsen conditions forplantings, totaling 819,000 young fish from 1873 to 1881
the juvenile bass. (Skinner 1962).

The American shad population increased rapidly and
soon supported a major commercia! gill net fishery in the

Table 5-24 shows that compared to No-action alternative,estuary during the spawning runs. American shad were
the North Delta alternatives would divert a higher pro- sold in San Francisco markets by 1879. Catches regularly
portion of water and presumably more juvenile stripedexceeded 1 million pounds from 1900 to 1945; about 5.6
bass from the Sacramento River into the interior Delta.million pounds were taken in 1917. After 1945 the fishery
The diversion of a higher proportion of juveniles into thediminished, and in 1957 it was terminated by legislation
interior Delta could adversely affect the overall produc- due to public concern about the impact of the gill nets on
tion of bass, if the interior Delta provides poorer condi-striped bass (Skinner 1962).
tions than the Sacramento River for young striped bass as ¯ ,
the Department of Fish and Game believes. Table 5-25Although American shad were commercially important,
summarizes the impact of the proiect alternatives onenthusiasm for sport fishing did not begin until the 1950s,
striped bass. when anglers began fishing the spawning grounds in the
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Table 5-25
Impacts of Project Alternatives on Striped Bass

(Compared to ~mpacts of the No-action Alternative)

Entrainment Reverse Water Quality Delta SWP Delta Cross
Alternatives Losses Flow - forSpawning1 Outflow Exports Channel Flow

2,A, 3A, 2% reduction in Le.ss frequent 7% improvement < 1% reduc- 1% increase May- 14% increase in
4A, 5A losses June-August 20% Aug-Nov in April-May; 22% tion April-July; July; 16% in- proportion of

30% May-July ~n representative 9% reduction ir crease in June Sacramento Riv.
below-normal year. July of dry of critical years, flow diverted.

years.

3B, 4B, 7% reduction in Less frequent 16% improvement < 1% reduc- 2% increase May- 33% increase in
5B, 6B losses June-August 40% Aug-Nov in April-May; 38°K tion Apr-Jul; July; 24% increase proportion of

85% May-Jul in representative 8% reduction in June of critical Sacramento Riv.
. . dry year yin July of dry years, flow diverted,.

years.

2B, 6A 7% reduction in Less frequent 18% improvement < 1% reduc- 2% increase May- 30% increase in
losses June-August 40% Aug-Nov in April-May; tion Apr-Jul; July; 23% increase proportion of

55% May-Jul 43% in representa-8% reduction in June of critical Sacramento Riv.
tire dry year. in July of dry years, flow diverted.

1Salinity in San Joaquin River at Antioch.

upper Sacramento and San Joaquin River systems, partic-into both the Sacramento and San Joaquin rivers, but
ularly the main stem Sacramento, and the American,spawning has declined in the San Joaquin system, leaving
Feather, and Yuba rivers. Once established, the popular-the north Delta and Sacramento system upstream from
ity of shad fishing grew, and by the mid-1960s, an esti-Hood as the primary spawning areas:
mated 100,000 angler days were being expended annually
(California Fish and Game 1965). However, more recentAdults returning from the ocean begin passing through

surveys in 1977 and 1978 indicate that about 35,000 andthe Delta in late March or April (Stevens 1966). In fyke
55,000 angler days were expended to catch 79,000 andtraps set in the Sacramento River at Clarksburg, Ameri-

140,000 shad, respectively (Meinz 1981). The present bagcan shad catches increase substantially through April and
limit is 25 fish per day, but most anglers typically releasepeak during May (Stevens et al. 1957). River tempera-
all, or most of, their catch. The American Shad spawningtures during May generally range from about 57° to 75° F.

run was estimated to be 3.04 million in t976 and 2.79 mil-
lion in 1977 (Stevens et al. 1987). River flow may affect the distribution of American shad

on their initial spawning runs in the Sacramento River sys-
Additional sport fishing occurs in the "bump net" fisherytem. The percentage of the runs formed by virgins in the
in the Delta at night. A long-handigd chicken-wire dip~American, Yuba; and mainstream Sacramento rivers
net is fished il~ the prop-wash of a slow-moving boat; tends to increase with the contribution of a stream to the
when a¯ shad bumps the net, the "bumper" quickly tries toflow immediately downstream from its confluence with
flip it on board. Essentially all fish caught are males,adjacent river branches (Wixom 1981). The Feather River
which apparently are attracted to the prop-wash as they

may not exhibit this tendency to the same extent becausewould be attracted to a spawning female (DFG 1987). of a longer residence period for young fish in the Feather
River, allowing them to become imprinted for homing onLife History. American shad are anadromous, living pri- their maiden returns.

marily in the Bay and ocean as adults but using fresh water
for spawning and nursery grounds. Historically, shadThe shad fishery is affected by the distribution of adult
spawned throughout Delta fresh waters and upstreamfish..Hence, low spring flows in the tributaries most acces-
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sible to the American, Feather, and Yuba rivers not onlythe amount of insect drop supporting young shad in those
reduce their shad runs, but also angling opportunities,regions. Water development has reduced the abundance
Most repeat spawners in the Sacramento River systemof zooplankton in the Delta, primarily because the use of
probably home to the tributary where they have spawnedDelta channels as conduits to carry water south to the
previously. Sampling of American shad eggs with nets setCVP and SWP pumps has increased flow velocities, re-
in the Feather River indicates that spawning occurs pre-duced water residence times, and brings large volumes of
dominantly from May to July at temperatures of 63 o to zooplankton-deficient Sacramento River water into the
75° F. (Painter et el. 1977). central and south Delta (Turner 166, Turner and Heubach

1966, Heubach, 1969, Knutson and Orsi 1983, Orsi and
The flow in most of the spawning areas washes the demer-Mecum 1986).
sal but free-drifting eggs a short distance downstream be-
fore they are hatched. The main summer nursery ofAbundance of young American shad in the Sacramento-
American shad appears to extend from Colusa on the Sac-San Joaquin Estuary varies annually by more than an or-
ramento River to the north Delta, including the lowertier of magnitude, and the strongest year classes occur in
Feather River; some numbers of fish also use the souththe years with the highest river flows during the spawning
Delta. and nursery period (Stevens and Miller 1985). Flows dur-

ing April--June appear to be most important in explain-
In v~et years, young shad are less likely to use the Sacra-ing year-to-year variation in abundance.
mento River and more likely to use the north Delta than
in dry years. This difference probably reflects the trans- The status of the American Shad run in the Feather River
port of eggs and young fish by river flow and indicates thatand its associated recreational fishery was not well docu-
annual flow differences cause the location of major con- memed prior to construction of the Oroville Project, but
centrations of fish to vary (DFG 1987). anecdotal evidence on angler use and catches suggests

that the run was substantial (Painter and Taylor 1977).
Although the food habits of juvenile American shad in Generally reduced spring flows and increased spring tem-
California have not been studied extensively, Gansleeperatures since construction of the Oroville Project may
(1966) reported that Neomysis, copepods, larval fish and have reduced the run.
Corophium sp. were the primary food items found in the
stomachs of a small sample of juvenile shad captured inYoung American shad are vulnerable to diversion by the
the west Delta. State and federal pumping plants in the south Delta. Ju-

venile shad spawned in the south Delta and Mokelumne
The food habits of juvenile American shad rearing in theRiver channels would be drawn to the pumps as larvae and
upper Sacramento River and tributaries are not known,newly metamorphosed small fish, whereas Sacramento
but studies conducted in East Coast rivers found young.system juveniles tend to be drawn through the Delta
shad eating a wide variety of insects and zooplankton (co-Cross Channel and across the Delta during their down-
pepods and cladocerans) with the diet of a particular pop-stream migration. From 1968 through 1985, American
ulation dependant on the prey items available (Walburgshad have been the third most common fish at the SWP
1957, Massman 1963). fish facilities, with annual recoveries as high as 3 million.

In 1967, CVP recoveries exceeded 8 million (DFG 1987).It is likely that shad in California have a similar flexible
feeding strategy. During the tim~ they are rearing in zoo-Evaluations of screening efficiency comparable to studies
plankton-poor areas upstream of the Delta, shad prob-.for striped bass and salmon have not been m~ade for Amer-
ably depend primarily on insects originating in the wooded1can shad, but larger fish in the fall are probably screened
area surrounding the Sacramento River and its tributariesfairly efficiently. Conversely, based on results for other
(Turner 1966). Shad rearing in or moving through thespecies, screening efficiencies for newly metamorphosed
more open water areas of the Delta and west Delta wouldjuveailes in late spring and .early summer are probably
feed on zooplankton originating in the Delta waters, quite low. Without estimates of screening efficiency

rates, total entrainmentlosses cannot be accurately esti-Both sources of juvenile American shad food are threat- mated.
ened by human development, Continued removal of ri-
parian and streamside vegetation in the Sacramento Riv-American shad are intolerant of- handling. Tests have
er system upstream from the Delta potentially reducesshown that losses of American shad successfully screened
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at the SWP fish facility exceeded 50 percent during sum-the other hand fish transported into the Deita are more
mer months .with slightly lower mortalities during thelikely to be entrained in the CVP/SWP export facilities.
cooler fall months. These high-handling mortalities sug-
gest that the only practical strategy for reducing lossesDuring spring and summer, larval and juvenile American

may be pumping schedules that minimize shad entrain-shad are migrating or being transported from upstream

ment (DFG 1987). spawning areas to the Delta. During this downstream
movement they are vulnerable to diversion into the cen-

Impacts of NDP. Inthediscussionabovesevenfactorswere tral Delta via the Delta Cross-Channel and Georgiana

identified which are thought to be important to the estu-Slough. Fish that are diverted are more likely to be en-
ary’s American shad population. The seven factors are: trained in the CVP and SWP export facilities and less like-

ly to reach the productive entrapment zone. However,
1) April through June flow conditions as they affect the no-action alternative will not significantly change the

adult spawning distribution and, consequently, theproportion of Sacramento River diverted into the central
availability of the fish to anglers; Delta.

2) spring flow conditions as they affect juvenile abun- No-action alternative export rates will be generally high-
dance; er.than in the recent past, which will cause increases in

3i spring flow conditions as they affect juvenile distribu- entrainment losses.

tion; it is not possible to predict how the abundance and quality

4) spring and summer.cross Delta flow ratios as they af- of riparian vegetation in American shad nursery areas will
fect exposure to entrainment and rearing habitat; change under the No-action alternative. In general, dur-

ing recent decades flood control activities have reduced
5) SWP/CVP export levels as they affect entrainment riparian vegetation in the lower rivers and Delta. To the

losses of young American shad and their food supply; extent that degradation of riparian vegetation continues

6) riparian habitat conditions affecting juvenile shadin the future, a reduction in insect drop will likely occur.

food supply; and A reduction in this food supply for juvenile shad would
have its greatest effect in the river nursery areas where

7) flow conditions in Delta water transport channels aszooplankton densities are low compared to densities in
they affect juvenile shad food supply, the Deita.

No-action Alternative. The annual fall abundance of jure- Under the no-action alternative, Delta channel capacities
nile American shad is positively correlated with April- or cross-Delta flow ratios, and thus northern Delta chart-
June levels of Delta inflow (Stevens and Miller 1983). In-nel velocities or water residence times, are not expected
flow from the Sacramento River is a major component of to change significantly. Therefore, the capability of those
Delta inflow and outflow to Suisun Bay, is composed ofareas to produce food for young shad are not expected to
flows from the upper Sacramento River and its tribu-change.
.taries, and is an indicator of a variety of flow conditions.
Since shad use the rivers, Delta, and eastern Suisun BayThe increased exports expected under the no-action
for spawning and/or rearing, the observed positive corre-ternative will be accompanied by increased water veloci-
lation between inflow and juvenile shad production couldties and reduced residence times in some southern Delta
result from flow effects in any or a!l of the areas men- channels. These changes would be expected to reduce
tioned, productivity in affected channels.

The No-action alternative will generally increase April,Preferred Alternative. Anticipated mean monthly April-
June Feather River flows which in turn will increase Sac-June Feather River flows are greater under the preferred
ramento River flow below its confluence with the Feather alternative than under the no-action alternative in critical
River. These changes in river flows will not generally re- water years, and April flows are greater in all but wet
suit in greater Delta outflows, because exports will in-years (Table 5-14). During other combinations of months
crease. Increased river flows are likely to transport more and water year types there is essentially no difference in
larval and juvenile shad into the Delta where food densi-April, May, or June flows between the two alternatives.
ties are generally greater, which could be beneficial. OnAssuming that there will be no offsetting changes in flow
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in the Sacramento or Yuba rivers, the greater springthey increase cross-Delta f10ws (Table 5-12). Diversion of
Feather River flows under the preferred alternative American shad through the Delta Cross-Channel is a
should cause a greater number of spawners to enter thenegative, but unquantifiable, impact, which increases as
Feather River, where they are more available to anglers,the diversion rate increases.
Increased Feather River flows result in greater Delta in-
flows, which may increase juvenile shad production in theThe alternatives also differ in the degree to which levee
Feather River and downstream, setbacks and dredging are used to achieve channel capac-

ity objectives. In general, those alternatives that use a
The preferred alternative increases the proportion of Sac- greater proportion Of levee setbacks provide greater po-
ramento River inflow diverted into the’ Delta Cross- tential for improving insect-drop-producing vegetation.
Channel and Georgiana Slough during spring and early
summer (Table 5-24). These increases are greatest whenGeneral Impacts on Sturgeon
inflows are low and the Delta Cross-Channel is open. As
this cross Delta flow ratio increases, a greater percentageTwo sturgeon species, white sturgeon (Acipenser trans-
of downstream migrant shad will probably be diverted intomontanus) and green sturgeon (Acipenser medirostris), in-
the Central Delta. Although the data are not available tohabit the estuary. Both are native, anadromous species.
quantify this impact it may increase shad losses due toAt this time a reasonable assessment of project impacts
entrainment at the SWP and CVR Diverted fish will also can only be made for white sturgeon, because very little is
have a longer, more circuitous migration route to the Bayknown about the biology of green sturgeon in the estuary.
and ocean. The white sturgeon population is presently supported en-

tirely by natural reproduction.
Anticipated SWP export rates under the preferred alter-
native are generally greater than those under the No-ac-The white sturgeon population in the estuary supports an
tion alternative and the timing of exports differs between increasingly popular sport.fishery, in great part due to the
the two alternatives. The effect of these and other large size individual fish attain. The current California
changes on American shad entrainment losses is dis~sportfishing record for this species is a fish caught in Car-
cussed later in this chapter, quinez Strait in the mid-1980s that weighed over 450

pounds. The number of legal size ( > 40 inch) white stur-
The preferred alternative will achieve its flood controlgeon in the estuary has been estimated 8 times since 1954.
and cross Delta flow objectives partially through the rood-These estimates have fluctuated from 11,200 in 1954 to
ification of channels in the northern Delta. Where those128,300 fish in 1984 (Figure 5-20). The annual sport fish-
modifications involve the use of levee setbacks, the op-ing take in the estuary in recent years has averaged about
portunity exists for improvements in both the quantity10,000, roughly 10 percent of the legal size stock (Figure
and quality of riparian and emergent vegetation, which5-20) [Kohlhorst et al. 1990].
provides important insect drop and cover for juvenile . -
American shad. Areas that are dredged are likely to loseWhite sturgeon generally complete their life cycle within
shallow areas and berms that support emergent and ri-the estuary and its major tributaries, although a few fish
parian vegetation, thus adversely affecting juvenileenter the ocean and make extensive coastal migrations.
American shad production. During most of the year, adult white sturgeon are concen-

trated in San Francisco, San Pablo, and Suisun bays,
The increase in cross-Delta flows and exports resultingfeeding principally on bottom-dwelling invertebrates,
from the NDP will not significantly decrease residence such as clams, crabs, and shrimp. Mature sturgeon ascend
times or water velocities in major Delta transport chan- the Sacramento River, the Feather River, and possibly
nels because channel capacities will be enlarged. There-the San Joaquin River to spawn, primarily during March
fore, reductions in productivity are not expected in thoseand April. Spawning in the Sacramento River occurs pri-
channels, marily above the town of Knights Landing,. historically ex-

tending upstream above the present location of Shasta
Other Alternatives. Thevarious NDP alternatives are sire- Dam. Presently, most spawning occurs between Ord
ilar to the preferred alternative with respect to their ef~ Bend and Knights Landing, although some fish migrate
fects on Feather River flows and SWP export levels. The above the Red Bluff Diversion Dam to spawn when the
alternatives do differ substantially in the extent to whichdam gates are open (Kohlhorst 1976).
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Figure 5-20. Abundance Levels and Annual Sport Fishing Take for White Sturgeon, 1954 - 1987

White sturgeon make spring migrations into the San Joa-there has been a creel limit of one fish per day and a
quin River between Mossdale and the mouth of the40-inch minimum size limit. In response to recent in-
Merced River. While these migrations could be for the creases in the amount and efficiency of recreational an-
purpose of spawning, no collections of eggs or larvaegling for sturgeon, the Fish and Game Commission
havebeen made to confirm this (Stevens and Miller 1970).adopted more restrictive regulations in 1990, raising the

minimum size limit to 42 inches and establishing a maxi-
mum size limit of 72 inches. The minimum size limit will

White sturgeon spawn over rock and gravel, to which thelikely be raised by 2 inches each year until it reaches 48
fertilized eggs adhere. After hatching, there apparentlyinches.
is a general downstream movement of young fish into the

Observed fluctuations in the sturgeon population sinceupper estuary, but the details of this migration, are not
known at this time. It has been observed that in years of1954 appear to be due primarily to variations in recruit-

ment (the production of young fish) rather than variationshigh river flow, larval sturgeon are more abundant in thein the annual survival rates of older age classes (Kohlhorstupper estuary than in dry years, suggesting that river flow
1990). Furthermore, it appears that the size of the spawn-mayplaya role in the dispersal ofyoung sturgeon from the" ing stock and survival during the first few months of thespawning grounds. The upper estuary; Suisun Bay, and
life cycle are the principal determinants of year classthe Delta are apparently the principal nursery areas for
strength. Adult age distribution, catches of juvenile stur-sturgeon during their first year of life (Stevens and Miller.
geon at the SWP fish salvage facilities, and juvenile stur-1970). geon occurrence in DFG’s Bay study trawl samples all
suggested that annual production of young sturgeon va-white sturgeon are particularly vulnerable to the effects ries widely and that production is positively associated

of over-harvesting because they mature slowly. Femalewith flow conditions in the spring spawning and rearing
white sturgeon do not reach sexual maturity until they areperiod.
at least 15 years old and about 4 to 5 feet long. Commer-
cial fishing in the late 1800s and early 1900s led to a de-The tendency towards greater production of juvenile
cline in the sturgeon stock, pgompting a prohibition on allwhite sturgeon in years of greater outflow is suggested by
fishing from 1917 through 1954. In 1954, the Fish andtwo different measures of year class strength. One is
Game Commission established a sport fishdry, which con-based on the estimated number of juvenile sturgeon sal-
tinues to the present. For most of the period since 1954,raged at the Skinner Fish Facilities per thousand AF of
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water exported during August, September, and OctoberFor the salvage estimates, correlation coefficients were
and outflows during each year from 1968 through 1987.calculated for all years from 1968 through 1987, with 1969
The other is based on IESP Bay Study trawl catches from and 1983 excluded. The data were examined with 1969
1980 through 1986 (Figure 5-21). Both measures indicateand 1983 excluded because of the possibility that salvage
the relative abundance of sturgeon, rates may have under-indicated abundance in those ex-

tremely wet years. For both measures of year class
Salvage rate hasobvious theoretical weaknesses as a mea-strength there is a very weak positive association between
sure of juvenile sturgeon abundance, the most importantoutflow in February and March and abundance. Con-
being that sturgeon distribution may change from year toversely, April and May outflows are closely associated
year whereas the location of the pumping plant does not.with all measures of abundance. June and July outflows
Whereas Bay Study sampling is probably a more accurate "appear to be less closely associated with abundance than
measure of abundance, because it covers a wide area ofare outflows in April and May.
the estuary, data have been collected only since 1980.
Nevertheless, the two sets of abundance are roughly con-Based on the correlation coefficients presented in Tablesistent (Figure 5-22). The low salvage rate estimates in5;26, April and May outflow appear to be most closely as-
1983 relative to Bay study catches probably indicate a ten-sociated with juvenile sturgeon production. When sal-dency for salvage rate to under-estimate abundance in ex-
tremely wet years, perhaps because the young sturgeonvage is plotted against April through May flows, during

the 20-year period 1968 through 1987 (Figure 5-23), theare distributed lower in the estuary by high flows. The low data suggest a threshold of about 20,000 cfs, below which,
abundance indices shown in Figure 5-23 for 1969 and 1986sturgeon seemed to have produced relatively poor yearmay be evidence of this effect, classes.

The February through July outflows used in Figure 5-22
encompass the spawning, out-migration, and early juve-The mechanism responsible for the positive assodiation
nile rearing period. The the strength of the associationbetween sturgeon year class strength and outflows is not
between the two measures of abundance and outflow va-well understood. The April through May period encom-
ries for the individual months in that period (Table 5-26).passes the latter part of the spawning season through the

Figure 5-21. Relationship Between Mean Monthly February Through July Delta Outflow and Two Measures
of White Sturgeon Year Class Strength. Plot A uses August Through October Salvage

at the J. E. Skinner Fish Facility per 1,000 AF Exported by the SWP. Plot B uses the Catch of
Each Year Class in the First 3 Years of Life in the Bay Study Trawl.
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Table 5-26 drology. The period 1956 through 1978 was chosen to ex-
Correlation Coefficients Between Delta Outflow and amine changing habitat conditions for juvenile white stur-

Two Measures of Sturgeon Year Class Strength~ geon because it is the period of overlap between the avail-
1968-1987 1980-1986 able actual data and the modelled hydrological results.

Outflow SWP Bay Study
Month Salvage Catches Water development through 1978, in general, has greatly

reduced April and May flows. As discussed previously,
when outflows are lower than about 20,000 cfs in April

February 0.250 (0.239) 0.336 through May, sturgeon have not produced strong year
March 0.190 (0.306) 0.504
April 0.656x (0.744x) 0.955x classes in the recent past.. Actual conditions reduced the

May 0.525-z (0.860x) 0.848x number of years with flows above the apparent threshold.

June 0.372 (0.750x) 0.768"~ This leads to the conclusion that juvenile sturgeon pro-
July 0.284 (0.724x) 0.724"~ duction may be depressed by existing levels of water de-
xp < 0.05 velopment.

~’P< 0.01 Preferred Alternatives. The preferred alternative does not
ICorrelation coefficients in parentheses are with 1969 and substantially affect either the magnitude of April and May
1983 excluded. Delta outflow or the number of years above the apparent

threshold values in comparison with the no-action alter-
early larval and juvenile stages. River flow could be im-native (Figures 5-24 and 5-25). Within the constraints of
portant during this period, since spawning, hatching, andour current understanding of factors influencing white
early rearing take place in the upper river, but the high de-sturgeon production, this suggests that the effects of the
gree of correlation between Sacramento River flow and preferred alternative will be Similar to those of the no-ac-
outflow makes it difficult to separate the effects of the two tion alternative.
factors.

Other Alternatives. All of the proposed project alterna-
At this time, very little is known about the habits andtives affect outflows very similarly. Therefore, the other
needs of white sturgeon in their early weeks of life. It has aIternatives would be expected to affect white sturgeon
been observed that larval sturgeon are more abundant insimilarly to the preferred alternative.
the Delta during high flow years, suggesting that high
flows transport them there, andthattheysurvivebetterasGeneral Impacts on Resident Fishes
a result. If survival in the estuary is greater than in up-
stream areas, it could explain the associations betweenResident fishes as defined here, are non’migratory (non-
spring flow and fall abundance. Using Dingall/Johnsonanadromous) species which complete their life cycle in the
funds, DFG has recently initiated studies to develop bet-Delta and the lower reaches of its tributary rivers. The
ter estimates of year class strength and to better docu-Delta itself is not a totally fresh water system, year round.
ment the spawning and early life history of white stur-Therefore species that might be termed brackish water
geon. species, such as rule perch, are included here. These spe-

cies are usually found in fresh water, but can withstand pe-
No-actionAlternative. Very little is known about thebiolo- riods of higher salinity.
gy of white sturgeon in the Estuary during the first few
weeks of life to explain with certainty the apparent posi- ’Native Fishes. Central California is dominated by the
rive association between year class strength and April-large and diverse Sacramento-San Joaquin River drain-
May outflow. However, given that flow 1) greatly inr age system. Because it is isolated from other systems, by
fluences conditions in and access to the spawningcoastal mountain ranges, the Cascades, and the Sierra
grounds, 2) affects the dispersal of young from the spawn-Nevada, a unique fresh water fish community evolved.
ing grounds, and 3) affects the size, location, and qualitySeventeen species of fresh water fish are endemic to the
of the nursery area in the upper estuary, a relationship be-system and live nowhere else (Moyle 1976). Eleven of
tween outflow and year class strength is likely, these are resident species in the Delta.

Figure 5-24 shows the no-action and preferred alterna-The resident native species of the Delta evolved to live in
rive April and May outflow for the 1956 through 1978 hy- tl~e stagnant backwaters, shallow tule beds, deep pools,
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and tong stretches of slow-moving river waters of the Del- published daia). They have been observed to migrate up
ta of the past (Moyle 1976). Land reclamation, introduc- the Sacramento River and spawn on the grass at Miller
tion of exotic species, and water project operations havePark(DFG pers. comm.)
changed conditions in the Delta. Many native fishes have
either become extinct, such as the thicktail chub, or sur-The Sacramento-San Joaquin River Delta has two native,

vive in greatly reduced numbers, such as the Sacramentoresident species of smelt: the longfin smelt and the Delta

perch, smelt. The longfin smelt is found in the more saline areas
of the estuary and is discussed in the San Francisco Bay

Five native resident species that are found in the DeltaImpacts section. The Delta smelt is found in the more

are members of the family: Cyprinidae~ commonly knownfresh water areas. A recent and continued dramatic de-

as minnows (Table 5-27 ). Two of these~minnows, the Sac- cline in its abundance !ed to the recommendation that it
ramento squawfish and hardhead, along with the Sacra-be listed as a threaten species (Stevens et al. 1990). The
mento sucker, were historically abundant in’ the DeltaFish and Game Commission rejected this recommenda-

(Moyle 1976). Presently Sacramento squawfish andtion pending more information of the species status.
hardhead are now found in low numbers. It is presentlyTheDelta smelt isfound onlyinthe Sacramento-SanJoa-
believed this reduction is due mostly to habitat changes, ~quin River Estuary. Most of the year the population is
but competition from introduced species has contributedfound in the San Joaquin River below Mossdale, in the(Moyle 1976). Sacramento River below Isleton, and in the Suisun Bay

and marsh region. They are also found in CarquinezMinnows are usually thought of as small fish, less then 10
cm; however, many native minnow species in westernStrait and San Pablo Bay when high river flows, move the

North America are large. Hitch, Sacramento black.fish, salinity gradient downstream. Delta smelt have been
found at salinities as great as 10 ppt, but most of the popu-and Sacramento splittail commonly reach 20-35 cm, 35-45

cm, and 30-40 cm in length, respectively. All native min-lation occurs at less then 2 ppt. They school in open sur-

nows were once heavily fished for food by native AmeN- face waters-(Moyle 1976).

cans (Moyle 1976). Formerly there was a small commer- Delta smelt appear to be opportunistic feeders on plank-
cial fishery for Sacramento splittail and Sacramentotonic copepods, mostly the native Eurytemora affinis, and
blackfish, and the Sacramento blackfishis still harvestedontheintroducedPseudodiaptomusforbesi inyears whenit
commercially from Clear Lake. Both species have poten-occurs in high abundance (Stevens et al. 1990). Also in-
tial for aquaculture. There are presently recreational fish-cluded in the diet are cladocerans, amphipods, and insect
eries for tule perch, squawfish, Sacramento splittail, andlarvae. When the population moves downstream to
Sacramento sucker in the Delta and the lower American Suisun Bay, the opossum shrimp, Neomysis, becomes an
and Sacramento rivers, important food item (Moyle 1976).

The Sacramento splittail is a native minriow that livesThe majority of spawning occurs in the dead-end sloughs,
mostly in the slow-moving stretches of the Sacramentothe shallow edge-waters of Delta channels, and in the
River up to Red Bluff Diversion Dam, the Delta, and in Sacramento River from February through June. Spawn-
the Napa and Suisun marshes (Moyle 1976; DFG.~unpub-ing occurs in fresh water at temperatures of 7-15o C. Fe-
lished data). After high flows they have been found in males produce 1400-2900 demersal, adhesive eggs on
Suisun Bay, San Pablo Bay, and Carquinez Straits (Moylerock, gravel, tree roots, and submerged vegetation. After
1976). Turner (1966)reported finding them evenly distrib-hatching, larvae drift downstream to the mixing, or en-
uted in the Delta, while a later study found them mosttrapment zone: Growth is rapid, with juveniles reaching
abundant in the north and west Delta on flooded island40-50 mm long by August. Adult lengths, 55-77 ram, are
areas in association with other native species (DFG 1987).reached when fish are six to nine months old (Stevens et

al. 1990).
Sacramento splittail are tolerant of brackish water, being
caught at salinities as high as 10-12 parts per thousandDelta smelt larvae and pre-spawning adults generally
(ppt) (Moyle 1976). During spring, they congregate inoccupy the brackish water areas downstream of the Delta,
dead-end sloughs of the marsh areas of the Delta, andparticularly in Suisun Bay. The summer-fall geographical
Napa and Suisun marshes, to spawn over beds of aquaticdistribution is strongly influenced by Delta outflow. As
or flooded terrestrial vegetation (Moyle !976; DFG un- outflow increases, more of the population occurs in
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Table 5-27
Resident Fish Species of the Sacramento-San Joaquin Delta

Centrarchidae Cyprinidae
¯

Largemou~h Bass Hitch*
Smallmouth Bass Sacramento Blackfish*
Spotted Bass Sacramento Splittail*
Bluegill Sacramento Squawfish*
Redear Sunfish Golden Shiner
Green Sunfish Goldfish
Warmouth Carp
Black Crappie Hardhead*
White Crappie Fathead Minnow
Pumpkinseed
Sunfish Hybrids Others
Sacramento Perch*

Sacramento Sucker*
Ictaluridae Tule Perch*

Bigscale Logperch
White Catfish Inland Silversides
Channel Catfish Mosquitofish
Brown Bullhead Threespine Stickleback*
Black Bullhead Prickly Sculpin*

Delta Smelt*
Threadfin Shad

*Indicates native species. Yellowfin Goby

Suisun and San Pablo bays; in low flows the population issurvival of eggs and young fish, rather than the abun-
confined to the channels of the Delta. dance of adult spawners. However, to investigate the

cause of the populationdeclii~e, DFG evaluated the fol-
As spawning approaches in the late winter and spring,lowing factors: Delta outflows, food supply, reverse flows,
Delta smelt adults migrate to fresh water. Most spawningwater temperatures, and water transparency. The analy-
occurs in the upper Delta, including dead end sloughs andsis was unable to point ~to any one environmental factor as
shallow water, in Montezuma Slough near Suisun Bay,controlling Delta smelt population abundance (Stevens et
and in the Sacramento River upstream of Rio Vistaal. 1990).
(Radtke 1966, Wang 1986). Delta smelt are a short-lived ’
species; most die after spawning at one year of age, butMany native resident fish species are most abundant in
some survive to two years; the north and west Delta (DFG 1987). These Specfes of-

ten have life historie~ that are similar to that of the Delta
Until very recently, Delta smelt were abundant in the" smelt. They spawn in dead-end sIoughs, eggs are adhe-
Delta. During the 1980’s, however, the population de-sive and demersal, and the larvae are planktonic. Impacts
creased substantially. Delta smelt populations have de-of the NDP on these species would be similar toits effect
dined in the past, but have generally recovered within aon Delta smelt.
fewyears. The population reductions began in the south
and east Delta during the 1970’s, prior to the overall pop-The rule perch is the only fresh water species of the surf
ulation decline of the 1980s. (Stevens et al. 1990). perch family, Embiotocidae. Tule perch are euryhaline

and have been caught in salinities of up to 18 ppt (DFG
Data indicate that abundance of a Delta smelt year classunpublished data). The surf perches are Iivebearers; the
largely depends on environmental conditions affectingtule perch gives birth to about 20-80 young in May or June
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(Moyle 1976). They can live in a various habitats, varyingNeomysis important food items of warmouth and black
from sluggish, turbid channels in the Delta to clear, swift-Crappie; Corophium, tendipedid larvae and pupae, and the
flowing sections of river. They are able to live in fast water isopod Exosphaeroma were important to bluegill. Moyle
by taking advantage of eddies that occur behind sub-(1976) indicated Corophium and Neomysis are important
merged boulders and logs. They prefer beds of emergentto white and black crappie. Fish are also a component of
aquatic plants or overhanging banks (Moyle 1976). Tuletheir diet but to a lesser extent than for largemouth bass
perch eat small invertebrates that are found on the sub-(Turner 1966; Moyle 1976). They all spawn in shallow wa-
strate or in midwater (zooplankton); tule perch consumeter during spring and summer when water temperatures
mostly amphipods, midge larvae (Chironomidae), andreach 57 to 75o F. Their spawning behavior is roughly simi-
small clams and crabs (Moyle 1976). lar to that of largemouth bass; they build nests near sub-

merged objects or aquatic vegetation (DFG 1987). Except
Tule perch are native to low-elevation waters of the Sa- for the warmouth, they tend to form nesting colonies.
cramento-San Joaquin River system, as well as to ClearTheir eggs are adhesive and sink, attaching to the sub-
Lake, Coyote Creek, and the Russian, Napa, Pajaro, andstrate. After the young hatch, they are guarded by the
Salinas rivers (Moyle 1976). DFG (unpublished data)male for a short period, after which they disperse to the
found them to be the fifth most abundant species in theshallows (Moyle 1976).
Napa River during the 1974-79 period. Tule perch appear ~

to be extinct in the Pajaro, Salinas, and San Joaquin rivers,DFG studies have found that introduced species, the sun-

and are absent from many localities where they were pre-fishes in particular, are most abundant in the east Delta

viousl) collected in the early 1900’s (Moyle 1976). (DFG 1987). Turner (1966) caught the majority of black
crappie, bluegill, and warmouth in the dead-end sloughs

Moyle (1976) feels that this indicates a reduction in popu-of the northeast Delta, including Hog, Sycamore, and In-
lation abundance due to habitat changes in the Delta, in-dian sloughs. Their abundance is correlated primarily
cluding reduced flows, increased turbidity, heavy pollu2with the dead-end slough channel type and secondarily
tion, and reduced emergent and overhanging cover, whichwith the intermediate salinities and water clarity charac-
havereducedorimpairedthequalityofhabitat. Recently,teristic of the east Delta (DFG 1987). They were also
populations have become established in O’Neill Forebayabundant in oxbows, channels behind berm islands, and
of San Luis Reservoir, presumably due to water exports,small embayme.nts. This implies a preference for calmer

waters and riparian or aquatic vegetation characteristic of
Introduced Fishes. Three families of fishes dominate the those areas (DFG 1987)..
Delta’s introduced resident fish assemblage: Centrar-

The introduced cyprinids are golden shiner, goldfish, andchidae, Cyprinidae,-and Ictaluridae. The centrarchid
family is represented by the introduced black basses andcarp. Carp is by far the most common. Golden shiners

various sunfishes (Table 5-27 ). live primarily in sloughs and are associated With dense
mats of aquatic vegetation. They will tolerate low sum-

Largem0uth bass are the most abundant Of the blackmer oxygen levels and water temperatures as high as 35o

basses in the Delta and are a popular sport fish. Large-C. They are typically found with introduced sunfish.

mouth bass are solitary.carnivores whose adult diet con-Golden Shiners are a schooling fish, staying mostly in lit-
toral areas. Lengths can reach 20 cm (Moyle 1976).sists mainly of fish and crayfish, along with a secondary

amount of insects and .larger species of zooplanktonGolden shiners spawn from March through August. Ex-
(;I’urner 1966; Moyle 1976). Largemouth bass spawn in act timing is dependent on w’atei temperatures, usually
spring when water temperatures rise above 14-160 C andoccurring at temperatures of 15-200 C. The adhesive eggs
continue to spawn through June at water temperaturesare deposited on submerged vegetation and bottom de-
up to 240 C (Moyle !976~i Nests are shallow depressionsbris. The eggs hatch in four to five days, and the fry school
in sand and gravel at depths Of one to two meters, nearin large numbers close to shore. Golden shiners are wide-
submerged objects in non-colonial aggregations (Moylely used as a bait fish (Moyle 1976).
1976). :,

Goldfish populations generally become established in
The various sunfish species are also opportunistic carni-warm, often oxygen poor water in areas with mild winters.
vores, feeding on insects, aquatic crustaceans, snails, andThey are best suited for sloughs containing heavy growths
clams (DFG 1978). Turner (1966) found Corophium andof aquatic vegetation where they feed mostly on algae.
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Goldfish may r~each Ier~gths of 41 cm, and may live 25-30Channel catfish and brown and blackbullheads have simi-
years. Spawning, in their home range, occurs at tempera-lar food preferences, with the exception that channel cat-
tures of 15-32o C, with the first spawn of the year in April fish probably consume more crayfish, clams, and fish than
or May (Moyle 1976). - the other species (DFG 1987}.

Carp are very similar to goldfish in their life history andChannel catfish prefer the main channels of large streams

preferred habitats. These two species have even been(Moyle 1976). They were caugh} most often in areas of

known to hybridize. Although what appears to be spawn-fast water in rivers and channels upstream from the cen-

ing behavior has been seen in the Delta, juveniles lesstral Delta, and were not taken in the west Delta (Turner
then 100-150 mm are extremely rare (DFG pets. comm.}. 1966). Channel catfish nest in log jams or undercut banks;
Carp are very widespread in the Delta and are commor~in ponds they will use old barrels or similar sites (Moyle

even in the major open channels (Don Stevens pers.1976). Spawning occurs at temperatures of 21-29o C

comm.).. (Moyle 1976).

The third major group of introduced species is the ictalu-Brown and black bullheads were commonly found in the

rid or catfish family. White catfish, the most abundant,back of dead-end sloughs of the Delta and were not taken
in the west Delta (Turner. 1966). Brown bullheads areare more than 35 times as abundant, on average, as any

other catfish species in_the Delta. White catfish are car- much more common and wide spread in California be-
~ " cause they can adapt to a wider variety of habitats (Moylenivorous bottom feeders, consuming aquatic crustaceans,i976). Social and breeding behavior of both species are

mollusks, insects, and fish. similar. Adults school and are most active at night (Moyle

Amphipods and Neomysis are the most important food 1976). Nest building and rearing ace similar to that de-

items for both juveniles and adults (Moyle 1976). Whitescribed for white catfish.

catfish spawn in June and July when water temperaturesSunfishes, catfish, and bass--the principal resident
exceed 210 C (Turner 1966). The female uses her fins togame~ish of the Delta~support an important recreation-
fan out a shallow nest depression in the substrate, theal fishery and are, respectively, the second, third, and
breeding pair spawns, and the adhesive eggs settle andfourth most commonly caught groups of gamefish in the
stick to each other, forming an egg mass. One or bothState. White catfish are the resident gamefish most often
parents guard the eggs and the newly hatched young for acaught in the Delta. Largemouth bass are a major
few weeks until the young disperse in schools (DFG 1987).gamefish throughout the State, and in recent years large

bass fishing tournaments have been organized in theDel-

White catfish were found to be the dominant resident spe-ta; 33 major tournaments and numerous smaller ones
were he’ld during 1989 (DFG, unpublished dat@ The har-

cies Of the south Delta (DFG 1987). Their abundance invest rate for bass in the Delta (about 30 percent) is some-this area maybe due to their greater tolerance of brackishwhat lower than in fresh water reservoirs (50 percent), but
water with salinities up to 12 ppt (Moyle 1976). DFG

it is still substantial, indicating the existence of an impor-
(1987) and Turner (1966) found them to be somewhat less
abundant in the central and east Delta, and least abun-tant and thriving largemouth bass sport fishery.

dant, but still common, in the north and west Delta. Although they are not commonly sought by anglers, the
nongamefish of the Delta still fulfill important roles.

The white catfish population in the Delta has been esti-Some serve, as forage for gamefish, while others compete
mated by a DFG tagging study at between 3 and 8 millionwith or prey on gamefish. Each of the resident non-game-
(1978-1980, unpublished data). No information on abun-fish has intrinsic ecological value, but in general, detailed
dance is available for white catfish prior tO operation ofknowledge of their life histories, population dynamics,
the CVP and SWP; therefore, the effects of the projects and role in the community ecology of the Delta is limited.
on their abundance are difficult to determine. The cur-
rent distribution of white catfish, however, approximatesImpact of NDP. DFG has recently completed a study of
that found in the early 1960’s before SWP exports began;abundance, distribution, and habitat preferences of resi-
therefore, changes in flow patterns induced by export op-dent fish in the Delta (DFG 1987). The following findings
erations and recent local diversions apparently:have notof this study are relevant to an assessment of NDP im-
to have affected white catfish distribution, pacts:
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¯ Riprap banks are favorable habitat for only a few of be quantified with present knowledge. Actual losses of
the less desirable resident fish species in the Delta.fish due to entrainment is not known for any of the resi-

dent fishes, but salvage rates provide an index of these
¯ Instream vegetation is favorable for largemouth bass,losses. As exports rise in the future, salvage and loss are

white catfish, and redear sunfish, three of the most expected to increase. :
important recreational resident fishes.

¯ " Transport and non-transport channels differ in theirUnder the no-action alternative, losses of all resident

species assemblages. Whereas catfish and black crap-
species, including the Delta smelt which is now of particu-
lar concern due to: its recent decline, will increase as ex-

pie were among those fish abundant in non-transport
channels, largemouth bass and redear sunfish wereports increase. The effect of export facility losses on the

total Delta population is currently unknown.more abundant in transport channels.

¯ Dead-end sloughs, oxbows, channels behind berm is-An increase in exports may result in increased entrain-
lands, and small embayments had the highest densi-ment of Delta smelt adult spawners in the winter-to-
ties of fish and largest variety of species, spring months and entrainment of larvae and young juve-

niles in the spring.
Together, these findings suggest that generally the most
favorable condition for resident fish species in the Delta isIncreased exports anticipated under the no-action alter-
a diverse environment consisting of a highly vegetatednative will result in increased water velocities in. some
shoreline with ample backwater and shallow areas. Delta channels. The increased velocities may increase the

habitat suitability of affected channels for a few resident
No-Action Alternative. In recent decades, resident fish fish species; but decrease it for most.
habitat in the Delta has been changed substantially by two
major factors, levee improvement and water project oper-Transport of some Delta smelt produced in the Sacra-
ations. Levee improvement activities have reduced themento River and other north Delta waterways to the en-
amount of emergent shoreline vegetation and ripariantrapment zone will be impeded by diversions of water to-
vegetation overhanging the water, thereby reducingward the central and south Delta. This will result in high-
aquatic cover, structure, and food supply required by moster predation losses due to the longer period of passage, as
resident fishes, well as a greater chance of entrainment in the pumping

facilities.
Vegetation removal and bank armoring are considered
harmful over the short term since most resident fish areSpawning.habitat of some resident species requiring sub-
associated with aquatic vegetation during all Or part ofmerged vegetation will be temporarily lost due to ongoing
their life cycle. Long-term effects depend on subsequentflood control measures such as rip-rapping of levees in
levee management. Resident fishes are abundant alongthe north Delta. In the spring species such as the large-
old riprap where other habitat ~equirements are met, suchmouth bass, golden shiner, splittail, and Sacramento suck-
as dead-end sloughs where there is aquatic vegetationer use land submerged by flooding for feeding habitat
fronting the levees and current velocity is low (DFG (Moyle 1976; DFG 1987)~ This type of habitat will be re-
1987). It is presently unknown how long a time period isduced by channelization and levee construction.
required before habitat is established for fish to use. It is
expected that levee improvement acffvities will continueUnder the no-action alternative, total annual Delta out-
in the future. These activities combined with routine wa- flow will decrease slightly. This could result in an increase
terside levee maintenance will be detrimental to manyin the frequency of time when the entrapment zone will
resident fish species, be upstream of Suisun Bay in thechannels of the Delta.

Location of the entrapment zone in the Delta channels
Operation of the water projects has affected resident fishresuIts in a decrease in productivity (Williams and Holli-
by: 1) altering flow patterns, which determine net channelbaugh 1987). Upstream movement of the entrapment
velocities and distribution; 2) controlling salinity, whichzone would result in a decrease in the size and quality of
has influenced salinity levels and the abundance and dis-the nursery area, thereby reducing the survival and
tribution of food organisms; and 3) entraining fish at ex-growth of young-of-the-year Delta smelt and other na-
port facilities. None of these water project influences can tive species with pelagic young.
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Compared to present conditions, greater reverse flowsOverview of Fish Food Supply Impacts
under the no-action alternative will result in more larvae
and juveniles being diverted toward the south Delta awayFishery resources of the estuary are supported by a food
from the entrapment zone. : web consisting of phytoplankton (algae), invertebrates,

- vertebrates, and detritus. The food web is dynamic; one
organism feeds on another, and one food sQurce is re-

PreferredAlternative. The preferred alternative will gener- placed by another with changes in season and the abun-

ally increase the Proportion of Sacramento River inflowdance and distribution of the food supply. Conditions that

that is diverted through the Delta Cross Channel aiadaffect abundance and distribution of one link in the food

Georgiana Slough (Table 5-12). This may have the effectweb can. affect the entire food web.

of diverting more pelagic larvae of some native residentThe general food habits of most species of fish inhabiting
species that spawn above the Cross Channel. The di-the estuary are known, but in most cases very little is
verted fish are probably more likely to be entrained in theknown about the relationships between food organism
CVP and SWP export facilities and are also less likely tO density or production and the growth and survival of indi-
reach the preferred nursery area in Suisun Bay. However, vidual fish species. Nevertheless, the abundance and dis-
higher positive flows in the lower San Joaquin Rivertribution of food organisms is thought to be an important
should direct ~diverted fish back toward the nursery areafactor in determining the overall health of the fish com-
rather than toward the export facilities, thus minimizingmunity in the estuary.
or negating the impacts of increased Delta Cross-Chan-
nel diversions. Fish spawnedin the San Joaquin Riverbe-In the Sacramento-San Joaquin Delta, daily and seasonal
low the mouth of the Mokelumne River will experience changes in fresh and sea water, tides, winds, and currents
reduced reverse flow or higher positive flows (Table 5-19) interact with the food web. The complex interaction of
which should improve their su~ival, these factors with .thefood Web is difficult to understand;

hence, how the NDP may impact food supplies is mainly
unknown..

A combination of levee setbacks and channel dredging
will be used tO increase channel capacities in the northernPhytoplankton. Although some animals can consume de-

and central Delta. The proposed levee setbacks are de-tritus, phytoplankton are the primary basis of the aquatic

signed to create berm and st~allow water areas wherefoodweb in the estuary. These tiny, usually microscopic,

emergent and riparian vegetation can establish. In de-single-celied algae use energyfrom the sun to convert

graded shoreline areas the setbhck levees will provide im-simple inorganiq molecules--such as carbon dioxide, n~-
proved habitat Conditions (structure, cover; etc.) for many trate, and phosphate-,into the sugarsl proteins, and fats

species. These miles of levee setbacks will increase therequired by herbivores in the estuarine foodweb. Clams,

Delta habitat favored by most resident fish species. Theoysters, worms, and, most important, zooplankton de-

opposite effect will occur in those few areas where vege- penal on phytoplankton for their food supply.

tated berm and shallow areas are removed by dredging:Phytoplankton abundance in the estuary is ci~ntrolled
principally by the amount of light and nutrients available
to sustain grbwth and reproduction, and, conversely, the

Other Alternatives. To some extent, all of the various NDP amount of grazing they experience. Delta outflow also in-
alternatives will increase the ratio of cross Delta flows fluences the abundance of phytoplankton in the upper es-
(Table 5-12) and improve lower San Joaquin River flows,tuarY through its effect on the position of the entrapment
On balance, the effect of these changes on any of the resi-zone. When Delta outflows are sufficient to position the
dent fish species cannot be predicted with any reasonableentrapment zone adjacent to the shallows of Suisun Bay,
degree of accuracy because there is insufficient knowl-where a greater portion of the water Column is sufficiently
edge of their habitat requirements in the Delta. The vari-penetrated by sunlight, phyt0plankton production is
ous alternatives vary in the extent to which levee cutbacksgreater.
and dredging will be employed to improve channel capaci-
ties. In general, negative project impacts will be lowestDelta~outflow also influences phytoplankton abundance
where the use of levee setbacks is maximized and dredgingthrough it.s effect on benthic grazers. Until 1988, during
is minimized. " extended periods of low Delta outflow, marine grazers--
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particularly the clam Mya arenaria--would become estab- feed heavily on phytoplankton and thus transfer the ener-
lished in Suisun Bay, consuming a significant portion ofgy of primary production to higher trophic levels.
the phytoplankton and reducing the food. supply for
phytoplankton. During the current four-year drought, aHigh crustacean zooplankton abundance (copepgds and
newly introduced clam, Potamocorbula, hasbecome estab-cladocerans) is associated with low salini~ies, high chloro-

fished in Suisun Bay in very high densities, replacing Myaphyll (a phytoplankton), and low net velocities in Delta

arenaria. This new clam is though to have greatly reduced channels. Copepods4 are also associated with high salini-
phytoplankton and zooplankton densities in Suisun Baytiesl Zooplankton populations are highest during sum-

during 1988 and 1989. This reduced food supply for larvalmer. The OPOSSUm shrimp, Neomysis. mercedis, an impor-
striped bass has significantly reduced their survival intant part of the estuary’s food web, is a food of young

1989. striped bass. Normally, more than 60 percent of the Neo-
mysis population of the estuary is found in the Suisun Bay

Phytoplankton, as determined by measuring chlorophyllarea, with much of the remainder found in the west Delta.
a, has undergone a long-term decline. Recent IESP stu-Since the 1976-1977 drought, Neomysis populations in
dies have indicated that chlor0phyll a is the variable mostSuisun Bay have partially responded to the increased Del-
often significantly related to variations in zooplanktonta outflows that have occurred in recent wet years. How-
and Neomysis abundance, suggesting that declines areever, outflows from 1978 to 1981 have had little positive

due to a reduction in food supply, effect on Neomysis in the San Joaquin River.

The abundance of phytoplankton is affected by many in-Salinity is the primary regulator of the distribution of

teracting factors, including light penetration, residencezooplankton species in the estuary. In the upper part of
the estuary, there are both fresh water and estuarinetime, water temperature, salinities, nutrients, and grazing

by invertebrates. Attempts have been made to developzooplankton. The fresh water zooplankton fauna is domi-

mathematical models for evaluating phytoplankton levelsnated by the cladocerans, Daphnia parvula and Bosmina
- - ¯ longirostris, and copepods of the genera Diaptomus andin the Delta and Suisun Bay region. Each model calcula-

tion uses input describing interrelationships among theCyclops. An introduced Chinese copepod, Sinocalanus

physical, chemical, and biological factors that affectdoerii, appears to be a fresh water species that ranges into

phytoplankton. Some of these inputs are Channel geome-the entrapment zone.

try, flow distribution, dispersive transport characteristics,The most important zooplankton species are the native
water quality variables, waste discharges, biological kinet-c0pepods, Eurytemora affinis,.Acartia californensis, and A.
ic parameters such as phytoplankton growth rates, andclausi. Eurtemora reach their greatest abundance in the
physical parameters. Currently, the models are not suffi-entrapment zone and extend into fresh water, while the
ciently well developed to predict changes from Water proj-Acartia are most abundant downstream of the entrapment
ect operatiofi, zone. The shrimp, Neornysis mercedis, is concentrated in

Impacts on phytoplankton are unknown for the project al-
the zone of surface salinities ranging from 1.2 to 4.6 ppt.

ternatives because of lack of knowledge of the cause-and-There has been a long-term decline in abundance of all
effect relationship of export pumping, and the uncertaintynative zooplankton in the upper estuary, with the excep-
of the mathematical models in projecting abundance lev-tion of the copepod Acartia and the shrimp Neomysis.
els.                                       ..- Three accidentally introduced Asian copepods have

helped maintain total copepod populations, but one re-
Invertebrates. Numerous invertebrate species of cently introduced species, Sinocalanus, may have detri-
zooplankton (animals drifting in the water column or with. mentally affected the abundance and distribution Of Eury-
limited swimming capacity) and zoobenth0s (animals 1iv-remora, which is the principal food for the youngest striped
ing on or in the substrate) inhabit the estuary. Both arebass and perhaps other larval fishes (Figure 5-26). Pseu-
important as food for many fish, including the juveni!es ofdodiaptomus is another recently introduced species.
many gamefish.

Two.amphipods, Corophium stimsoni and Corophium spini-
Zooplankton is a general name for small aquatic animalscome, are important constituents of Delta zoobenthos.
that constitute an essential food source forfish, especiallyThey are the principal food for sturgeon, white and chart-
young fish and small forage fish. Generally, zooplanktonnel catfish, tule perch, and small black crappie, and are

176

C--071 309
C-071101.210



6000

~ 5000 ~ EURYTEMORA
~. ..... SINOCALANUS
UJ -- -- --PSEUDODIAPTOMUS’
:~ 4000

3000

~uJ2000
m :

~" 1 o o 0                                "        " " --’-’--,------~ ..............

0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990

Figure 5-26. Mean March to November Abundance ofEurytemora, Sinocalanus, and Pseudodiaptomus
: from 1972 to 1.989

also the.second most important food of young striped bass.dance in Old River indicates that abundance is unrelated
Other abundant benthic organisms are the Asiatic clam,to volume of export pumping at CVP and SWP export fa-
tendipedid larvae, oligochaete worms, and crayfish. Allcilities. However, zooplankton abundance in the San Joa-
are eaten by Delta fish, but none is as important as Coro- quin River at the mouth of Old River appears to be re-
phium, duced by cross-Delta flow to the export facilities. Cross-

Delta flows are thought to reduce zooplankton abun-
Important elements of the Interagency Ecological Studydance by lowering residence tim. es in Delta transport
Program for the Sacramento-San3oaquin Estuary are: channels and diverting water with louver zooplankfon¯ densities into the central Delta. ¯
¯ monitoring the abundance of Neomysis and other

zooplankton in the Delta and Suisun Bay. Impacts of NDP. The following assessment of effects of the
alternative operational plans on aquatic invertebrates is¯ analyzing factors affecting their-abundance.
based on present knowledge of their abundance and dis-

The analysis has focused on Neomysis because of its im-tribution, and of the effects of water project operation.
portance and because a larger data base is available~- No-action Alternative. Aquatic invertebrates are affected

by water diversions by altering outflows, salinities, and tid-DFG biologists have developed a’ multiple regression for al flows and velocities in Delta channels. Flows in Delta
calculating a. Neomysis abundance index that explains
about 96 percent of the Neomysis abundance during the .Table 5-28
medium- and low-flow years 1972 to 1981. However, in Characteristics of Regression
the very high-flow year .of 1983, the predictions were of Neomysis Abundance Index
much higher than the levels obse~ed. The multiple re-
gression parameters and ,their importance are shown in Percentage of
Table 5-28. , . Variable Variance Explained

Salinity 71.3
Of the many zooplankton species examined by the IESP Abundance of Emytemora 21,4
all have their distribution affected by Delta outflow and its Chlorophyll a 3.4
influence on the salinity gradient, but~only Neomysis has Wa{er Diversions 1.5
its abundance affected. Analysis of zooplankton abun-
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channels are affected by operation of the Delta Cross-variation in impacts associated with these differences are
Channel gates. Some general effects follow: not distinguishable with the current level of knowledge of

zooplankton dynamics.
¯ Project operations reduce fresh water zooplankton in

the reach of the San Joaquin River below theOverview of Direct Impacts
Mokelumne River by introducing Sacramento Riverof the Delta Comple.x on Fish
water with low plankton densities into ~his area.

Direct impacts of the }Delta Complex on fish cannot be¯ Salts drawn into this reach of the San Joaquin Riverby
pumping tend to depress fresh water plankton and in-closely correlated to overall Bay,Delta fish impacts be-

cause of a lack of information on losses that normally oc-crease the abundance of brackish water species, espe-
cur during all life cycle stages. Direct impacts are only oneciallyEurytemora, a copepod. Neomysis and young

striped bass graze on Euretemora. component of an overall assessment. The previous gener-
al impact assessment for overall fish impacts was made

¯ Pumping entrains aquatic invertebrates, qualitatively and considered direct impacts.
¯ Project operations can reduce spring Delta outflow,

which, in turn, may reduce phytoplankton productionDirect impacts are considered to begin when SWP diver-

by both enhancing conditi6ns for marine benthic graz2sions entrain fish into Clifton Court Forebay. Fish more

ers and driving the entrapment zone upstream fromthan about 1 inch long are subject to screening from the

Suisun Bay. . export water at the John E. Skinner Delta Fish Protective
Facility and are captured, transported, and released back

Under the no-action alternative, the pattern of exportsto the west Delta, general.ly.beyond the influence of the
will not change. The extent of the effect of these exports project diversions. Fish too small to be screened, such as
on invertebrates is not clear. Water export diversions areeggs and larvae of striped bass, and fish not effectively
the least important of four factors affecting overall Neo- screened pass into the California Aqueduct with the ex-
mysis abundance, port water.

Preferred Alternative. Exports under this alternative are Those fish not digerted by the primary louvers either die
reduced from May through August and increased for thepassing through the pumping plants or survive in the
remaining months. This change in the timing of exportsaqueduct system and reservoirs. A substantial fishery is
should be beneficial to Neomysis. With reduced exportssupported by the aqueduct and reservoir system and is an
during the summer, incremental effects on tidal flows andacknowledged benefit. The fishery is a combination of
velocities in Delta channels should not be adverse, stocked fish and fish exported from the Delta.

In comparison to the no-action alternative, outflow levelsDirect Losses of Eggs, Larvae, and Juvenile
under the preferred alternative will be slightly lower dur-
ing some spring months of critical and dry years. SpringStriped Bass due to SWP Pumping

outflow levels will be very similar between the two alter- Pumping from the south Delta by the SWP results in the
natives in other year types, direct loss Of striped bass and other fish due to entrain-
The preferred alternative increases the diversion of Sac-ment, predation, handling, and hauling. This section de-
ramento River water into the central Delta at times when scribes analyses related to the potential impacts of con-
the Delta Cross-Channel is open, which will likelyfurtherstructing and operating North Delta facilities on these
reduce the abundance of zooplankton in the central Deltalosses. . "
at those times. The reduction in reverse flows in the lower
San Joaquin River achieved by the preferred alternativeBefore discussing the analyses themselves, it may be help-
will repel salinity in this reach and may increase the abun-ful to provide a brief background on how losses occur at

dance of fresh water zooplankton there, the facility and what has been done to minimize or offset
these losses. Figure 5-27 is a schematic diagram of the

Other alternatives. The other alternatives are very similar Skinner Fish Facility.
to the preferred alternative with respect to their effects . , ¯
on average monthly exports and outflow. They do varyFish enter the Forebay through the radial gates which are
considerably in the extent to which they increase Sacra-opened periodically near high tide to maintain water lev-
mento River diversion and reduce reverse flow, but theels in the 31,000-AF regulatory reservoir. Some predation
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~occurs as the fish move across the Forebay to the Canal̄ opening more channels and instailing center dividers
intake. A set of primarY louvers guides fish to bypasses in all channels to improve striped bass screening effi-
leading to secondarY screening systems. These devices ciency;
separate fish from water and move the screened fish intō adding a new perforated plate secondarY system to
holding tanks. Efficiency of the screening process de- improve screening efficiency in the secondarY and to
pends on such factors as channel velocity and fish size. allow for better velocity control in the primarY low
Fish going through the louvers into the aqueduct are lost vers;
to the Bay/Delta but do help support an extensive fishery
in the aqueduct and project reservoirs. ¯ rescreening holding ta~ks with finer mesh to reduce

losses in the tanks; and

The holding tanks are used to collect and count fish.̄ : reducing hauling-related stress through better aera-
When enough fish have accumulated in the tanks, they tion and the addition of small amounts of salts to the
are transferred to fish hauling trucks and transported to water.

the Sacramento River for release at locations away fromIn addition, DWR is proceeding with the construction of
the draft of the pumps. Losses of striped bass occur in thethree more holding tanks, which will be used to reduce
holding tanks and in the transport trucks, velocities in the tanks (and reduce losses), help make bet-

ter use of both secondaries, and help improve the ac-

Over the years, but especially in 1982 and 1983, changes incuracy of the counts of salvaged fish.

facilities and operations have been made to increase theAnalysis of 18 years (1969-1985) of historical data has
efficiency of fish protective measures at the fac!lity, shown that salvage of striped bass at the Banks Pumping
Among these measures are: Plant from June through August is correlated with the fol-

lowing factors:
¯ establishing velocity and bypass ratio operational cri-     ¯ flow in the lower San Joaquin River,

tefia to maximize screening efficiency (these criteria
are different for chinook salmon and striped bass); ¯ total abundance of young striped bass in the Delta,

INTAKE CHANNEL

LOG CENTER
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SECONDARIES                                                        BYPASS

Figure 5-27. Schematic Diagram of the John E. Skinner Fish Protective Facility
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¯ mean size of salvaged striped bass, and studies were combined with information on historical
(1968-1978) striped bass abundance and size data and

¯ combined exports of the federal Central Valley Proj- applied to the salvage loss model to estimate salvage
ect and the State Water Project. losses that would occur in June-August with each of the

alternatives.
The correlation of these factors with salvage were used to
develop a model of salvage loss at the Banks PumpingCaution should be used in interpreting the results of any
Plant. As used here, the term "salvage loss" refers topredictive model. For this model particular care should
losses of striped bass greater than 18 mm at the Skinnerbe taken not to over emphasize the importance of the spe-
Fish Facility, as estimated from salvage operation records,cificvalues predicted for the abundance of losses resulting
It includes those fish lost by passage through the facility’sfrom the implementation of any of the alternatives. The
screens, hauling and handling, and an adjustment formagnitude of these values will vary significantly ~lepend~
some predation losses in Clifton Court Forebay. (A de-ing on ttie specific assumptions used to develop or to use
tailed description of the development, use, and limita-the model. As new information is developed, some of
tions of this model is provided by Wendt, 1987.) these assumptions will be found to better reflect actual

conditions than other assumptions. For this reason, em-
The salvage loss model was used to evaluate the potentialphasis is more properly focused on the relative difference
effects Of the no action and NDP alternatives on the sal- in salvage losses between the no action and project alter-
vage losses of striped bass at the pumping plant from Junenatives. These relative differences are generally less sen-
through August (Table 5-29). Estimates of total exportssitive to the specific values assumed for the rate of preda;
and flow in the lower San Joaquin River from operationtion or salvage for example.

Table 5-29.
Estimated Average Salvage Losses of Striped Bass Longer than 18 mm

at the Skinner Fish Facility in June Through August

Critical          Dry         Below Normal Above Normal Wet Overall **

Total Relative Total Relative Total Relative Total Relative Total ’Relative Total Relative
A~ternatiw Loss Change * Loss Change Loss Change Loss Change Loss Change Loss Change

No-Action 3000 -- 6800 -- 7500 -- 7600 -- 3400 -- 4600 --

2A 3100 +3 7200 +6 7100 -5 7100 -7 3100 -8 4500 -2

2B 3000 - -- 6700 -1 6600 -12 :6500 , -14 3200 -6 4300 -7

3A 3100 +3 7200 - +6 7000 -7 6900 -9 3100 -9 4400 -4

3B 2900 -3 6500 ~4 6500 -13 6400 -16 3200 -6 4300 ’-7

4A 3100 +3 7100 +4 6900 -8 6900 -9 3100 -9 4400 -4

4B 2800 -7 6300 -7 6500 -13 6300 -17 3200 -6 4300 -7

5A 3100 +3 7100 +4 6900 -8 6900 -9 3100 -9 4400 -4

5B 2800 -7 6300 -7 6500 -13 6300 -17 3200 -6 4300 -7

6A 31 00 +3 7000 +3 6800 -9 6800 -11 3200 -6 4300 -7

6B 2700 -10 6200 -9 6400 -15 6300 -17 3200 -6 4300 -7

~ * Negatives indicate a reduction in striped bass salvage losses.

~
** Overall loss estimates are calculated using weighted numbers based on the number of critical, dry, below

!,
normal, above normal, and wet water years during the period of record (1968-1978).
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The modeling results indicate that at least from Juneder the No-action and preferred alternatives. As with
~. through August the losses of striped bass longer than 18striped bass, the model uses salvage numbers and system
¯ mm at the Banks Pumping Plant would be 2-7 percent lesslosses (trucking, handling, losses through louvers and
~ with the NDP alternatives than with the no action alterna- predation in Clifton Court Forebay) to calculate total fish
, tive. As shown in Figure 5-28, most of the losses oflosses. A major difference in the assumptions in th6 mod-
.~ striped bass have occurred during this three-month peri-el when used to estimate salmon losses ~is opposed to

od. The reduction in striped bass losses is attributable tostriped bass losses is that the assumed Clifton Court
the increase in downstream flow in the San Joaquin Riverpredation loss for salmon is 75 percent for all sizes, while it
and occurred in spite of.a general increase in pumpingis size-dependent for striped bass. Also, trucking losses
with the NDP alternatives, are assumed to be near zero for Chinook salmon. When

using the model to estimate either striped bass or salmon
As described elsewh.ere in this report, in 1986 DWRlosses, estimates of losses should be used only to assess
signed an agreement with DFG to offset the direct lossesrelative differences in losses betweeri alternatives.
of striped bass, chinook salmon, and. steelhead rainbowAll four races of Chinook salmon are included in these es-
trout at the California Aqueduct intake. Under terms of timates. Although the majority of downstream migrants
this agreement, DWR is implementing programs that re-are typically captured in the April through June period,
suit in increased numbers of yearling striped bass in thesome salmon are salvaged during all m0riths of the year.Bay/Delta. The different races of salmon cannot be differentiated at

this time; however, it can be assumed that the majority of
Projects approved to date include purchase of hatcheryfish being salvaged are from the fall run given the relative
striped bass, growing wild fish salvaged at the screens tosize of the four salmon runs. Also, it is likely that most of
yearling size, and screening a diversion in Suisun Marsh.the fish are from the San Joaquin system, although the ex-
To the extent that the decline in striped bass abundance isact breakdown varies annually and seasonally.
due to the physical process of entrainment (and not to
changes in habitat), significant increases in the number ofAs shown in Table 5-30, the preferred alternative re-
yearlings should result in an increase in numbers ofsulted in slightly greater calculated Chinook salmon
adults. Early results indicate that yearlings planted in thelosses compared to the no-action alternative. Consider-
Suisun-San Pablo Bay area are experiencing good survivaling the degree of accuracy of the assumptions involved in
to adults. " the modeling, the losses due to preferred and No-action

alternatives are essentially the same, For comparison pur-
Direct Impacts of the Delta Complex poses, the calculated historic total loss during the 1979 -

on Chinook Salmon 1987 period was 4,321,898 yearling equivalent Chinook
salmon.

The fish loss model described previously for striped bassThe reduction inreverse flows for the preferred and other
was used to compare projected Chinook salmon losses un-alternatives actually reduces the number of salmon enter-

Table S-30

Calculated Losses (Yearling Equivalents) of Juvenile Chinook Sahnon at the NDP E~port Facilities, 1980-1987, for the NDP Alternatives

Calculated.Losses for each Alternative in 1000s and the Percentage Difference from Nu-action Alternative1

Year i 1 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B
Year 2ype[ No. No. .A% No. A% No. A% No. A% No. A% No. &% No. A% No. &% No. A% No.

1980 WET 612 631 3 635 4 633 3 636 4 633 3 636 3 633 3 636 4 634 4 ’ 636 4
1981 DRY 277 279 1 281 1 280 1 281 1 280 1 281 1 280 1 281 1 280 1 281 1
1982 WET 1450 1450 0 1450 0 1450 0 1450 0 1450 0 1450 0 1450 0 1450 0 1450 0 1450 0
1983 WET 983 982 0 982 0 982 0 982 0 982 0 ¯ 982 0 982 0 982 0 982 0 982 0
1984 WET 295 296 0 296 0 296 0 296 0 296 0 296 0 296 0 296 0 296 0 296 0
1985 DRY 394 399 1 405 3 402 2 406 3 404 3 408 4 404 3 408 4 402 2 408 4
1986 WET 1330 1370 3 1350 2 !370 3 1330 0 1370 0 1270 -5 1370 3 1270 -5 1370 3 1230 -8
1987 DRY 219 232 6 240 10 235 7 242 11 235 7 242 11 237 8 242 11 237 8 242 11

TOTAL     560 ~640 1 5639 1 5648 2 5623 1 5560 2 5565 0 5652 2 5565 0 5651 2 5525 -1
Avg. % change 1.4 1.4 1.6 1.1 1.6 0 1.7 0 1.6 -0.7

IA% = Percent change in calculated losses of juvenile Chinook sahnon. Negative numbers indicate a reduction in losses.
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ing Clifton Court Forebay from May through July, which than 100 percent efficient. As salvage estimates decrease,
is the time when most of the salmon are migratingtotal direct losses also decrease.
through the Delta. Since fewer fish are entrained, the
preferred alternative should reduce salmon losses whenImpacts of the NDP

~ompared to the no-action alternative, No-action Alternative. Under the No-action alternative,

it is expected that the operation of the barrier-type facil- the total computed salvage for selected anadr0mous fish

ity at the head of Old River will cause most of the down- other than striped bass, salmon, and steelhead is

stream migrating San Joaquin River Chinook salmon to1,548,408, of which 99 percent are American shad. The to-
tal for resident game fish is 1,468,788, of which about 94move down the San Joaquin River past Stockton into thepercent are white catfish. The total for resident nongamecentral Delta instead of being drawn across Old River orfish is 4,791,644, of which about 69 percent are threadfinGrant Line Canal While some of these salmon will be en-
shad.trained by the cross Delta transfer of water back toward

the pumping plants, it is expected that the strong tidalac-The estimated levels of salvage associated with the no-ac-
tion into the central Delta channels will draw a large hum-tion alternative are related to the quantities of w~iter ex-
bet of smolts toward the downstream bays and the ocean,ported by the SWP. In response to increasing demand lev-

els, the no-action alternative exports are generally higher
Direct Impacts of the Delta Complex than those of the recent past. By extension, ~relative sal-
on Other Fish Species vage (and loss) levels are greater under the no-action al-

ternative than would have occurred under export levels of
Estimates of direct impacts for species other than salmon,the recent past.
steelhead, and striped bass were based on salvage at the
John E. Skinner Fish Protective Facility. Historical sal-Preferred Alternative.
vage densities used in this analysis were calculated fromEstimated salvage under the preferred alternative is high-
1968 through 1980 (DFG 1981). The approach used hereer than under the no-action alternative for all species.provides a relative comparison of salvage under the alterThe increases range from 1~3 percent for largemouth bass
natives considered. It is not intended to predict actual lev-to 10 percent for green sturgeon. The changes in esti-
els of future salvage. Average annual salvage estimatesmated salvage are a function of both the increase in mean
were derived by multiplying projected monthly averageannual exports under the preferred alternative and the
exports by historical monthly average salvage densities,monthly distribution of exports. Where the increases in
Such estimates account for monthly abundance, but not
for the many other factors considered in the analyses ofsalvage are relatively large, it suggests that exports have

striped bass and Chinook salmon, such as fish screen effi-tended to increase during months of histori~cally high sal-

ciency and losses from predation, handling, and hauling,vage density. Conversely, relatively low increases indi-
cate that exports increase during months of low salvageEstimates of these factors for otlier species are not avail-density.

able.
Other Alternati~s.

The salvage estimates provided here are intende~l to be
used as indices of loss. Loss estimates for salmon, steel-The other NDP alternatives are expected to have similar
head, andstriped bass were expressed in terms of "year-monthly export schedules. This would suggest that£ all
ling" or "smolt’-equivalents. This approach requires esti-other things being’equal, salvage levels would be similar
mates of mortality that would have occurred between the to those of the preferred alternative. However, the alter-
time a fish is lost and the times it becomes a yearling ornatives vary in how they distribute Sacramento River wa-
smolt. The estimates of mortality necessary for makingter that has been diverted through the Delta Cross-Clean-
yearling equivalent adjustments are not available for oth-nel. These differences may affect the distribution of such
er species. Therefore, the salvage estimates in Table 5231species as American shad, which are diverted along with
are simply expressed as numbers salvaged. Sacramento River water, changing their susceptibility to

entrainment. Data that would enable predictions of how
Calculated salvage numbers of other fish species arethe various alternatives will affect the distribution offish,
shown in Table 5-31. As salvage estimates increase, totaland thus their susceptibility to entrainment, are no~ avail-
direct losses also increase since the salvage process is lessable. ~
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TABLE 5-31
Calculated and Direct Average Annual Salvage of Screenable Size Fish

Other than Striped Bass, Chinook Salmon, and Steelhead Rainbow Trout at the Delta Complex1

Preferred Percent .Change
Species No-action Alternative Over No-Action2

Anadromous Fish

American Shad 1,543,452 1,640,004 + 6.26
White Sturgeon 3,516 3,852 + 9.56
Green Sturgeon 1,440 1,584 + 10:00

Resident Game Fish

White Catfish 1,383,768 1,470,636 + 6.28
Channel Catfish 37,320 38,212 + 5.34
Black Crappie ¯ 25,056 26,280 + 4.89
Bluegill 11,400 12,048 + 5.68
Starry Flounder 4,788 4,968 + 3.76
Largemouth Bass 6,456 6,540 + 1.30 ’

Resident Non-Game Fish

Hitch 4,956 5,088 + 2.66
Threadfin Shad 3,328,104 3,629,364 + 9.05
Sacramento Splittail 166,812 169,584 + 1.66
Hardhead 20,484 21,012 + 2.58
Carp 32,400 33;540 + 3.52
Bigscale Logperch ~ 8,208 8,376 + 2.05
Longfin Smelt 92,268 94,080 + 1.96
Delta Smelt 899,700 924,684 + 2.78
Prickly Sculpin 123,768 125,904 + 1.73
Yellowfin Goby 112,376 116,004 + 2.32.
Sacramento Blackfish 2,568 2,712 + 5.61

1Calculations of annual fish losses changing with salvage, based on data from DFG report,
Tire John E. Skinner Delta Fish Protective Facility, 1968-1980, A Samma~y of the First Thi~¢een Years of O~eration, October
1981. Values are in fish per year.

2Positive numbers indicate an increase in fish losses with the proposed action.

For any of these species, it is difficult to equate salvageSome species, such as sturgeon, Pacific lamprey, and tule
and loss estimates to impacts on the population as aperch, are salvaged rather infrequently, although they are
whole. This is due to normal losses occurring during thepresent in fair numbers in the Delta. Others, such as
life cycle from other causes or~ to possible compensatorystarry flounder and brown bullhead, are salvaged infre-
mechanisms that might allow the effect of losses to be re-quently because the south Delta is not their preferred
duced. Unfortunately, insufficient data are available tohabitat. Species such as American shad, white catfish, and
identify or measure compensation for these species in thethreadfin shad maintain high populations in the Delta de-
Delta. spite significant annual entrainment.

184

C--071 31 7
C-071101.218



The significance of the increases in salvage, and presum- Impacts on Rare, Threatened,
ably losses, identified in Table 5-31 undoubtedly varies and Endangered Species
among the species listed. Although compensating mecha-
nisms may be at work in the Delta environment, it is likelyThe results of field surveys for rare, threatened, and en-
that the estimated increases in salvage will have somedangered.plant and animal species are described in Chap-
negative impacts on the fish populations, ter 4. The following species of plants and animals may be

affected:
Impacts on Wildlife and Wildlife Habitat

¯ Mason’s lilaeopsis,

Wildlife impacts and compensation needs of the NDP̄ California hibiscus,
from enlarging north Delta channels were estimated, us-̄ Delta tule pea.
ing the USFWS Habitat Evaluation Procedures (HEP), a¯ Suisun marsh aster
methodology that can be used tO document the quality
and quantity of available habitat for selected wildlife spe-̄ Sanford’s arrowhead
cies.

These five species of plants are found in the project area.
HEP is endorsed by DFG as a means of rating the quar~tityThere is a potential for the project to affect these species.
and quality of habitat to evaluate proposed mitigation.When the exact location of the structural changes (dredg-
HEP provides information for two general types of wild- ing- channel enlargement) has been identified, results of
life habitat comparisons: the plant surveys will be checked to determine whether

any protected plants are affected. Any significant impacts¯ tlle relative value of different areas at the same point
in time; will be mitigated.

¯ the relative value of the same area at future points inBarrier-type facilities will change water levels in the
time. north Delta. The rise in mean water levels during low-

flow periods will alter the vegetation in the narrow strip of
By combining the two types of comparisons, the impact ofland between the historic mean water level and the new
proposed or anticipated land and water use changes onhigher mean water level. Plants in this zone are subjected
wildlife can be quantified, to daily and seasonal fluctuations in water levels.

The application of HEP is based on the assumption thatMason’s lila~opsis, an intertidal plant which, by means of
habitat for selected wildlife species or communities can berhizomes, colonizes new habitats, will re-establish itself
described by a model that produces a Habitat Suitabilityquickly in the new intertidal zone. California hibiscus~ oc-
Index (HSI). The HSI value, from 0.0 to 1.0, is multiplied cupying a broader and slightly higher zone than Mason’s
by the area of available habitat to obtain Habitat Unitslilaeopsis, should also re-establish itseff in a short time.
(HUs), which are used in the comparisons describedThe ability of both of these species to re-establish them-

above, selves will depend on the water level and duration of inun-
dation at the new levels, which will be monitored. Miti-

The USFWS completed the HEP report (October 1990). gating actions will be taken as needed. The twelve popu-
A summary of the analyses and results is incorporated inlations of Delta rule pea in the project area will not be af-

Appendix G, USFWS’sCoordinationAct Report Summary. fected by any of the barrier-type facilities.

Swainson’s hawk is the only terrestrial protected animal
Impacts on Wetlands which may be disturbed by construction activities. Active

nests will be avoided during the nesting period. Riparian
Enlargement of selected channels, using setback levees,areas produced by project implementation should provide
will greatly increase the amount of habitat that can beadditional habitat for the Swainson’s hawk.
listed as artificial wetland or emergent wetland. The addi-
tional channels created by the new setback levees will mit-Suitable habitat for Aleutian Canada Geese was observed
igate for any inadvertent loss that may result from con-and sitings of greater Sandhill Crane were made within
struction of the new levee, the project area. Because forage areas for these species
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change with annual variations in cropping patterns andand juvenile rearing take place during summer months
rainfall, they should not be affected by the project or con-when water temperatures are typically warm in the upper
struction activities. Sacramento River. Before the construction of Shasta

Reservoir, the winter run spawned in the cool reaches of
Four fish species merit special concern: the McCloud River. Early operation of Shasta Reservoir

caused colder temperatures in the upper Sacramento Riv-
¯ Delta smelt, recommended for protection by Califor- er and the spawning population of winter-run salmon in-

nia and the federal government; creased to about 170,000 in 1969. , .
¯ Sacramento splittail, recommended for protection by

California and the federal government; In 1989, the winter-run size was about 550 spawners.

¯ Sacramento perch, recommended fo) protection byMany biologists believed that the dramatic decrease over

the federal government; and the past 20 years has been due to the constrgction and op-
eration of the Red Bluff Diversion Dam and an increase

¯ winter-run Chinook salmon, listed as endangered byin spring/summer temperatures in the upper Sacramento
California and as threatened by the federal govern-River. The Dam itself caused delays in migration of adults
ment. upstream and juveniles downstream. Delayed migration

Some suitable habitat may exist in the proje~ct area forof adults can result in less-thar~-optimum spawning, anda

Delta smelt, but this habitat is probably not 0c.cupied.delay of downstream migrants leads to increased preda-

During most of the year, Delta smelt populations aretionby sqUawfish and other fish. In addition, inadequate

found -in the SaCramento River below Isleton, in Suisunscreens at the intake to the Tehama-Colusa Canal re-

Bay and Marsh, and down to Carquinez strait and San Pa-suited in juvenile entrainment. Temperature problems
were particularly severe in dry years when water releasedblo Bay during high flow years. Smelt are also found in the

San Joaquin River below Mossdale (MoyIe 1976). Adultsfrom Shasta Reservoir came from the warm upper layer.

migrate and spawn in the shallow water of the upper DeltaOther factors that have been identified as adversely im~and in the Sacramento River above Rio Vista during late
winter and spring, pacting populations include:

¯ impacts of acid mine drainage into the upper Sacra-
Some Delta smelt could be diverted at this time. During mento River from the inactive Iron Mountain mine
the winter and some spring months, river flows are gener- ’site in the Spring Creek watershed, which enters the
ally high and the Delta Cross-Channel gates are closed, Sacramento River immediately upstream of Keswick
which should generally result in good through-Delta sur- Dam;
vival. During dry, critical, and below-normal years, SWP
and CVP pumping should result in the loss of some Deltā limited spawning gravels in the upper Sacramento

smelt at the pumps. River;

fish losses due to entrainment at the Glenn-Colusa in-
Sacramento splittail probably Spawns in the portion of the take and 0tl~er water diversion structures in the Delta;
Mokelumne River near the Interstate 5 bridge. Con- and
struction activities such as dredging will be scheduled to

commercial a~d sport harvest.avoid spawning tim~s. Sacramento perch is unlikely to oc-
cur in the project area due to its’ PoSsible extirpation evenAn interagency winter2run team has been established to
through suitable habitat is thought to exist, develop a recovery plan. Much of this plan will be built

around a cooperative agreement developed before the
Impacts to the winter-run Chinook salmon are discussedlisting. This cooperative agreement was to implement ac-
in the following section. tions to improve the status of winter-run chinook salmon.

The cooperating agenCies are DFG, USFWS, Reclama-Winter-Run Salmon Impacts. Ttie winter-run of Sacra-
tion, and NMFS.

mento River chinook salmon has been listed as endan-
gered by California and as threatened by the federal gov-The agreement contains the following ac{ions:
ernment. It is a unique race of salmon which spawns in the
May-August period in the upper Sacramento River be-̄ raise the Red Bluff Diversion Dam from December 1
tween Red Bluff and Keswick Dam. Spawning, incubation through April 1;
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¯ developbetterwatertemperaturecontrolattheoutlettence of the winter-run salmon, as required by CEQA
from Shasta Reservoir; and CESA. If it is determined that the preferred alterna~

¯ develop measures to control squawfish predation attive results in a taking that is not permitt.ed under either

Red Bluff Diversion Dam; the federal or State act, DWR will work with the agencies
to develop appropriate mitigation. Actions being consid-

¯ correct Spring Creek pollution problem; restoreered include 1) participation in upstream measures that
spawning habitat in the Redding area; are critical to survival of the winter run, and 2) operational

¯ correct salmon2related probiemS at Anderson-C0t-restrictions at the cross-channel gates when the juveniles
tonwood Irrigation District Diversion Dam; are most vulnerable. Operation. under the preferred al-

¯ restrictin-river harvest of winter-run chinook salm- ternative will not be conducted in a manner that would
conflict with any requirements imposed on DWR by theon;
State and federal acts.

¯ develop a winter-run chinook salmon propagation
program at Coleman National Fish.Hatchery; Impacts on Tracy Pumping Plant Operations

¯ modify the Keswick fish trap to prevent mortality to
winter-run chinook salmon; The implementation of the NDP is not ~xpected toaffect

¯ continue and expand studies on winter-run chinookthe operation ofTracy Pumping Plant. Although the NDP
salmon; and will improve the diversion regime at the Delta by reducing

¯ develop fisll ladders as an alternative to raising thecarriage water requirements, the limited conveyance ca-
Red Bluff Diversion Dam gates. " pacity of the Tracy Pumping Plant will not allow the CVP

. system to benefit from this added flexibility. Compared to
The potential impacts of NDP on winter-run salmon the demands on the CVP system,.Tracy Pumping Plant
would occur during their Passage through the Delta ashas a relatively small conveyance capacity. The projected
downstream migrants. The time when winter-run out-’CVP annual demands south of the Delta at the 2000 level
migrants are in the Delta is not well defined but DFG be-Of developmertt is approximately 3.20 MAF as compared
lieves that peak abundance is in the January throughto the maximum conveyance capacity at Tracy Pumping
March period. During the winter months, river flows are Plant of 3.25 MAF. This limited conveyance capaCity im-
generally high, temperatures cold, the Delta Cross Chan,poses an inflexible pumping schedule on Tracy Pumping
nel gates are closed, and local agricultural diversions arePlant.
minimal. Although this combination of factors should
generally result in good through-Delta survival, thereIn addition to the above physical constraint there are insti-
have been no studies specifically designed to estimate sur-tutional constraints, formulated in the Coordinated Op-
vival of winter’run smolts, eration Agreement (COA). The agreement calls for re-

During dry, critical, and below normal years, river flows negotiation of the sharing formula for water releases

are generally low even during winter months. SWP andwhenever either the CVP or SWP adds new facilities (Ar-

CVP pumping may result in some winter-run juvenilesticle 6 and 14a), and requires that the agency which con-

being lost at the pumps. There is no definitive means ofstructs new facilities realizes the additional yield attribut-

distinguishing a winter-run juvenile from one of the otherable to them (Article 16); The modeling studies to evalu-

three races of salmon present in the. Central Valley sys-ate the performance of the NDP Were conducted in accor-

tem. DFG has developed a size relationship that may helpdance with these provisions of the COA. A simulation

differentiate the salmon, study of both systems were conducted without the NDR
This provided the simulation results for the no-acti0n air

The recovery plan now being developed will help with im- ternative (base conditions). The operation of the CVP
ptementation of both the federal and State acts. The re-system, including monthly diversions by Tracy Pumping
covery team has met only once so far. DWR is to be a Plant, was providedas input and remained constant in all
member of the team. In addition, DWR has initiated asubsequent simulation runs. Table 5-5 shows the average
consultation process with NMFS and DFG on the poten-monthly diversions made by Tracy Pumping Plant inthe
tial impact of the preferred alternative on winter-run simulation run for the no-action alternative and all the
salmon. DFG will be consulted for written findings On the subsequent simulation runs that included the various al-
impact of the preferred alternative on the continued exis-ternatives of the NDP.
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Impacts on Suisun Marsh 1988-89 Sacramento River Index was 15 MAF; therefore;
this control season was considered a dry year for fish and

DWR and Reclamation planning includes protective mea-wildlife standards. Channel water quality improved signif-
sures for Suisun Marsh to mitigate for project develop-icantly as far west as the Volanti monitoring site on Suisun
ment, including the NDE With or without the proposedSlough. The improvements at Volanti occurred about

project, DWR and Reclamation will protect Suisun Marsh seven days after the control gates began tidal pumping.
habitat with Delta outflow, physical facilities, a monitor-
ing program, and a management program. The most ira-Table 5-10A summarizes.monthly net Delta outflow for

portant protective facility, the Suisun Marsh Salinity Con- the north Delta alternatives, compared to the base condi-

trol Gate Structure is already in operation, tion. The table shows little chang..e in monthly net Delta
outflow, compared to the base. The NDP will have no sig-

Chapter 4 contains information on Suisun Marsh’s physi=nificant impact on Suisun Marsh, because the Suisun

cal characteristics, environmental importance, and multi-Marsh program will protect the delicate balance of brack=

agency preservation agreements. Protection for theishwaterbyacombinationofDeltaoutflow, physicalfaci-

marsh is designed to compensate for future projects, suchlities, a monitoring program, and a management program.

as the proposed project. Evaluation of this protection canIn addition to the managed marsh areas within the SUisun
be found in the Plan of Protection for the Suisun Marsl~ in-
cludin’g Environmental Impact Report, DWR, February Marsh, there are unmanaged marsh habitats around the

perimeter of Suisun Bay. These unmanaged areas could
1984.. . be affected by the "pumping" of fresher water into Monr

in the past, SWP and CVP operation and other upstreamtezuma Slough, which would otherwise freshen the waters

water use adversely affected the Snisun Marsh during dryof Suisun Bay. These effects are now under study but in-

and critical years. The reduction in outflow caused by Up- sufficient data are presently available to either identify

Stream use and by export during October through May in2impacts or propose mitigation measures.

creased channel salinity within the marsh, which affectedThese studies will also provide information with which to
the composition and productivity Of plant communitiesevaluate the changes in outflow expected as a result of the
that are important food sources for waterfowl. Soil salini- NDP (Table 5-10 A). In general, outflow levels under the
ties in pond areas must remain within certain limits orno-action alternative will decrease as SWP deliveries in-
habitat quality will deteriorate. If No-action was taken, crease. Under the NDP, there will be slightly greater re-
the duration of salinity intrusion into the marsh channelsductions in outflow during March through July of critical
would increase as greater amounts of water were divertedand dry years (Table 5-10 B).
upstream and within the Delta: Seed production in the
marsh would decrease, and less food would be availableImpacts on Sa~ Francisco Bay Aquatic Resources
for waterfowl.

Downstream of the Delta is a series of four shallow em-
During the 1988-1989 water year, the Suisun Marsh Salin-bayments linked by narrow channels. Together these em-
ity Control Gates operated for 157 days (October 31, 1988bayments Suisun, San Pablo, Central, and South bays
through April 7, 1989). Because of intermittent equip-form the large estuary known as San Francisco Bay (Bay).
ment problems, operations were recorded for 132 of theIn the Bay, ocean water passing landward through the
157 days. During the 132-day period, the gates opened 268. narrow Golden Gate mixes with fresh water flowing sea-
times, for a total duration of 1,182 hours. Based On the re-ward. About 90 percent of the fresh water entering the
corded data, the gates tidally pumped 479,105 AF of waterBay flows through the Delta from the Sacramento and
(averaging 3,630 AF, or 1,830 cfs per 24-hour day) intoSan J0aquin river drainages (USGS 1987). The circula-
Suisun Marsh for the control season. During this same pe-tion and mixing of these waters, in combination with the
riod, measured salinity levels in Suisun Marsh channelsgeology and bathymetry of the Bay, results in a highl) di-
were lower than in any recorded similar hydrologic period, verse aquatic environment.

The Suisun Marsh salinity control gates worked betterFresh water inflow to the Bay is oneof the principal fac-
than expected during this dry period. The 1987-88 watertors determining the water quality characteristics and cir-
year had a Sacramento River Index of 9.2 MAF and was culation of Bay waters. This fact raises concerh~ about the
classified, according to Decision 1485, as critical. Theeffects that water development may have on the Bay, be’
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Table 5-32
Summary of Species Specific Differences in Catch-per-Unit’Effort (�PUE)

Between Wet (high-outflow) and Dry (low-outflow) yeasts
During the Interagency Ecological Study Program’s San Francisco Bay Study Sampling Program1

WET NO DIFFERENCE DRY

p< = 0.01 p< = 0.1 p>0.1 ¯ p< =0.1 p< =0.01

Freshwater Species - .

prickly sculpin threadfin shad bigscale logperch
splittail threespine carp

stickleback channel catfish
white catfish rule perch
Delta smelt

Anadromous Species

chinook salmon American ~had Pacific lamprey
green sturge_on river lamprey ’
striped bass steelhead . ,
white sturgeon

Estuarine Species

Crangon fi’anciscontm" ¯ Palaemon nmcmdactylus chameleon goby
tongfin smelt
staghorn sculpin
starry flounder,
yellowfin goby

Marine Species

~California tonguefish leopard shark arrow goby walleye surf-perch ba~ ray
Pacific herring Pacific tomcod barred surfperch California halibut Pacific pompano

. surf smelt bay goby spotted cusk-eel Crangon
dwarf perch bay pipefish niggcauda ¯

big skate Heptacarpus
black perch cffstatus
bonehead sculpin jacksmelt
brown rockfish
brown smoothhound
California lizard fish
cheekspot goby
Crangon nigromaculata
curlfin turbot
diamond turbot
English sole
lingcod
Lissocrangon stylirostffs
northern anchovy
Pacific sanddab
pile perch
plainfin midghipman
rubberlip seaperch
sand sole
shiner perch
showy snail fish
speckled sanddab
topsmeIt
spiny dogfish
white croaker
white seaperch
whitebait smelt

1Only the years 1980-1988 and the 70 most commonly caught species were included in ,the ANOVA analysis.
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cause water development, along with reclamation and,categorizes them by differences in their indi~es of abun,
land use practices in the drainage, have changed the tim-dance in the Bay during wet and dry years (DFG unpub-
ing and magnitude of fresh water inflows. Beca~use of lished data). The measure of abundance used in Table
these concerns, SWRCB requested in 1978 that the water5-32 is ~catch-per-unit effort (CPUE) in Bay Study sam-
development agencies conductstudies which would leadpiing gear, which primarily captures organisms les~ than 2
to a better understanding of the effects of fresh water in- years of age. For many species CPUE is not an index of
flow on the Bay’s biota and provide information with total population size because the population may extend
which to set standards to protect the beneficialuses of thelandward or seaward beyond the sampling area, which ex-
Bay (SWRCB 1978). tends from the Qoiden Gate and South Bay to the lower

Delta.
These studies are being implemented by the Interagency
Ecological Studies Program (IESP). The biological corn-Species were placed in the "no difference" column when a
ponent of these studies began in 1980, and the hydrody-~ general linear ANOVA showed no difference between
namic component began in 1984. The IESP studies, inyears. For those species with a significant difference,
combination with other research, have not yet provided aCPUEs were average for wet and dry years, and used in
detailed understanding of the complex relationship be-ANOVA contrasting tests to determine placement in the
tween fresh water inflow and the health of the Bay’s bio- appropriate column.
logical community, but have provided evidence that freshThe CPUE of 39 out of 70 species is not significantly dif-
water inflow does play an important role in the life cycle of
some species ( DFG 1987): ferent in wet (high outflow) and dry (low outflow) years

(Table 5-32). Among the marine.species there is an al-

The biotic community of the Bay reflects the diversity of most even distribution of species that are significantly

habitats found there. More than 200 species of fish,more abundantineitherwetordryyears. Among the oth-
er three categories (fresh water, anadromous, and es-shrimp, and crabs have been collected in the Bay during

the IESP’s sampling program. Ecological requirementstuarine) there are clearly more species whose CPUE val-

vary considerably among the many species and life stagesues are significantly higher in wet years than dry years.

inhabiting the Bay. In the lower end of the estuary thereFor most of the species listed in Table 5-32, the mecha-
are many common coastal marine species such as north-nisms that drive the observed responses to outflow, and
ern anchovy, the blue-spotted shrimp (Crangon nigroma- .the significance of these observations to the populations
cu!ata), and the speckled sanddab. Fox these species theof these species, arenot wellunderstood. For some ofthe
more marine-like parts of the Bay appear to be an exten-fresh water species it is likely that low salinities due to
sion of their adjacent coastal marine habitat. Other spe-high outflow can result in an expansion of their distribu-
cies, such as the Pacific herring and batray~ have adaptedtion into the Bay from upstream areas. Three of the
to using features of coastal embayments, such as mudanadromous species, white sturgeon, striped bass, and
flats or protected waters, not specifically associated withAmerican shad, have been studied extensively, and it is
fresh water inflow, known that year class strength is positively associated with

levels of spring outflow. The associations and possible
Also inhabiting the Bay are such species as the longfinmechanisms are discussed in the individual sections of this
smelt, the bay shrimp Crangon franciscorum,: and starry report addressing each of those species.
flounder. The life cycles of these species include specific
adaptations for using Bay characteristics resulting directlyTwo estuarine species, longfin smelt and bay shrimp, have
from the inflow of fresh water, For example, the three been studied in some detail to better understand why they
species mentioned above are common, inhabitants of thehavd tended ~to produce larger year classes in wet years.
lower Bay and adjacent cogstal waters as adults; but useSeparate discussions of these two species follow:
the fresher parts of the Bay as their nursery area.

Long~qn smelt. The longfin smelt is a small (maximum size
With the ecological requirements of Bay species varyingabout 6 inches) species distributed as adults throughout
so greatly, responses to variations in fresh water inflowthe Estuary and occasionally into the Gulf of the Faral-
would also be expected to vary. This is suggested by Tablelones. Year class strength varies dramatically, but when
5-32, which identifies 70 of the most commonly caughtstrong year classes are present, longfin smelt is one of the
species in the IESP’s Bay Study sampling Program andmost abundant species in the Bay (DFG 1987). The Bay is
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the southern limit of this species’ range, which includesturn, is inversely related to outflow. The "Overview of
several estuaries along the Pacific coast as far north asFish Food Supply" section of this chapter describes the
Prince William Sound, ~Alaska (Moyle 1976). California factors influencing fish-food production in greater detail
has at least two populations in addition to the Bay’s popu-
lation, one in the Eel River estuary and another in Hum-Bay Shrimp. There have been 14 species of true shrimp

boldt Bay (Moyle 1976). collected in the Bay by the IESP’s Bay study program. Of
these, the bay shrimp, makes up 84 percent of the total

Mature adults nearing the end of their second year of life catch (Kathy Hieb, Fishery Biologist, DFG personal com-
move from the Bay into the interior Delta, lower rivers, munication). The bay shrimp is now commercially fished
and fresh water marshes to spawn. Spawning takes placeonly for bait, but in the past has been dried or used fresh
primarily during December through February. Most for human consumption. Commercial catches peaked in
adults die after spawning, but a few females live a third1935 at about 3.5 million pounds,but commercial demand
year and spawn a second time (Moyle 1976). The eggs arehas since fallen, and landings have been at about 250,000

adhesive and are deposited-on aquatic vegetation andpounds/year since 1957.
rocks. After hatching, the pelagic larvae are dispersed
downstream by river flow. GeneraIIy, longfin smelt are Bay shrimp are opportunistic feeders and consume many

concentrated in Suisun and San Pablo bays during the firsttypes of food items, including: mysids, amphipods, clams,

1.5 years of life, feeding primarily on Neomysis mercedis, copepods, polychaetes, crustacean larvae, fish larvae, in-
sects, and plant material (DFG 1987). Bay shrimp are a

Measures of fall longfin smelt abundance are availablefood item for many fish species and are major prey item
for striped bass, brown smooth hound, big skate, staghornfrom both the IESP’s Bay Study and DFG’s fall mid-wat-

er trawl survey. Analysis of the data from both of these sculpin, white croaker and plainfin midshipman in the Bay

programs suggest that year class strength varies consider-(DFG 1987).

ably and is very strongly associated with the level of DeltaThe bay shrimp uses the Bay and adjacent coastal waters
outflow in the preceding late winter, spring, and summerto complete its life cycle. During fall and winter, egg car-
(Stevens and Miller 1983 ;DFG 1987). These studies alsorying females migrate to marine areas of the Bay, mostly
indicate that survivalbetween the larval and early juvenilethe central Bay, and to areas near the shore in the Gulf of
stages determines year class strength (DFG 1987). To-the Farallones. After hatching, larvae migrate to the sur-
gether, this evidence suggests that outflow influencesfacewhere, if they are in the Bay, they are swept out of the
year class strength through its effects on Bay conditionsGolden Gate by seaward flowing surface flows. In the
important tO post larval longfin smelt. spring, when larvae are older and larger,they move down

the water column and enter the Bay, possibly aided by
The reasons for the positive association between juvenilelandward-flowing bottom currents.
survival and outflow are not welt understood at this time,
but outflow is known to affect the distribution of larval These late-stage larvae and juveniles, aided by landward
smelt. During years of high late-winter and spring outflowing tidal and gravitational bottom currents, move
flow (e.g. 1982 and 1983) smelt are dispersed downstreamfrom the central Bay towards the brackish Water areas of
into San Pablo and lower Suisun bays, whereas in lowerthe Bay, including such south Bay creeks and sloughs as
outflgw years (e.g. 1981 and 1985) larval smelt tend to beCoyote Creek in the south, the creeks and rivers entering
concentrated in both upper Suisun Bay and the lowerSan Pablo Bay, and Suisun and Grizzly bays. There they
Delta (DFG 1987), spend the summer and fall months growing and mating to

begin the cycle again. The spring recruitment of juveniles
The greater dispersal associated with higher levels of out--to the Bay and their subsequent survival determines year-
flow may result in less intrazspecific competition andclass strength and, since theyare short-lived, yearly popu-
higher survival. Variation in food supply associated withlation abundance.
variations in outflow is another possible explanation for
the observed associations between outflow and longfinThe IESP’s Bay Study provides a data base on bay shrimp
smelt year class strength (Stevens and Miller1983), since abundance. During the first 9years of Bay Study samp!ing
the annual abundance of Neomysis mercedis and Euryte-(1980-1988), there has been a strong positive association
mora sp., both important zooplankton in the upper part ofbet~geen May through December abundance, as mea-
the Bay, is negatively correlated with salinity, which, insUred by Bay Study otter trawl CPUE, and March-May
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Delta outflow, measured as flow past Chipps Island (Fig-principal effect on the physical environment of the Bay is
ure 5-29). The abundance index was calculated by theone of changing the timing and magnitude of fresh water
IESP’s Bay Study and derived from catch data. inflow. About 90 percent of the fresh water inflow to the

Bay enters as outflow from the Delta and is usually called
The positive association of March-May outflow levels Delta outflow. This chapter includes a general discussion
with bay shrimp abundance is not well understood. Aof program impacts on Delta outflow.
possible link is the effect of Delta outflow on the hydrody-
namic patterns in the Bay. The gravitational currentsAlthough water project related changes in Delta outflow
created by salt water-fresh water density differences, and associated changes in certain outflow-related physi.
combined with the large spring neap tides, not only causecal attributes of the Bay (e.g. salinity distribution) can be
large net landward flowing bottom currents that aidpredicted v~ith reasonable certainty, the ability to predict
movement of shrimp into the Bay, but also increase thethe biological consequences of those physical changes is
salinity gradient that could guide shrimp into the brackishpresently limited. Impacts on white sturgeon and striped
nursery areas. ¯ bass, both important species inhabiting the Bay, are dis-

cussed in individual species-specific sections of this chap-
It is also possible that bay shrimp abundance is influencedter. Another section in this chapter discusses impacts on
by outflow-related differences in the size of the nursery fish food supply and Bay productivity. Currently, there
area. In low outflow years, bay shrimp are distributedappears to be little basis for relating the abundance of
higher in the estuary, using more of the area upstream ofmany of the Bay fish and shrimp species to Delta outflow
Carquinez Strait and Suisun Bay. This shift in distribu-conditions. However, the populations of two species--
tion is probably a response to the fact that salinities favor-the longfin smelt and the bay shrimp--appear to be re-
able to juvenile bay shrimp (2 to 20 percent) are locatedsponsive to flow. An assessment of the.impacts o~f the No-
farther upstream in dry years. Generally, as outflow in-action alternative and the NDP alternatives on 10ngfin
creases, the area of the Bay with salinity characteristicssmelt and bay shrimp follows.
favorable to juvenile shrimp increases.

No-aCtionAlternative. As discussed earlier, the abundance
Impacts of NDP of Ion.grin smelt and bay shrimp in recent years has been

closely associated with levels of Delta outflow from late
With a few minor exceptions, water project facilities are winter through early spring. In recent decades, there has
located upstream and outside of the Bay so that theirbeen a general trend toward reduced Delta outflow levels
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Figure 5-29. Correlation Between March-May Delta Outflow
and May-December Abundance of Crangon Franciscorum
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during late winter and spring caused by 1) constructionMarch through May in most year types. The largest
and operation of upstream water storage reservoirs,change occurs in March of critical years, when mean
which tend to capture streamflows during this period; 2)monthly outflow is reduced by 4 percent, relative to the
increasing consumptive use in the drainage tributary tono-action alternative. This 4 percent reduction in critical-
the Bay; and 3) increasing CVP and SWP water exports year March outflow results in only a 1percent reduction in
from the Delta. It is expected that SWP export pumping mean outflow for March through May of critical years.
under the No-action alternativewill continue to increase,
contributing, along with increases in upstream water de-Other Alternatives. The various NDP alternatives have
velopment, to continued decreases in Delta outflow, very similar effects on Delta outflow. For this reason, the

expected impacts of the other alternatives on Bay fishery
The observed interactions between Delta outflow and theresources should be similar to those of the preferred al-
abundance of longfin smelt and bay shrimp suggest thatternative. .
changes in Delta outflow in recent decades have reduced
the abundance of those two species. In either case; histor- Impacts of Construction
ical measures of abundance are unavailable to accurately
compare with current measures of abundance; however,The project components are discussed in Chapter 2. The
anecdotal information on the magnitude of harvests byimpacts due to construction of the project are temporary
the commercial shrimp fishery early in the century sug- and are discussed in this section. This section also dis-
gests that the bay shrimp population has been reducedcusses the various methods of construction, testing and
(Skinner 1962). monitoring, and mitigation measures. Table 5-33 summa-

rizes the environmental impacts caused by construction.
Preferred Alternative. As described above, it has been ob-
served in recent years that fall measurements of longfinThe foundation materials on which the new levees and re-
smelt year-class strength are closely associated with meanlated structures are planned to be constructed, are mostly
monthly outflow levels during the previous Decembercomposed of organic soil with depths of peat varying from
through August. The closest association occurs duringat least 10 feet in the north to approximately 20 feet in the
spring and early summer. On average, for all years of thesouth of both Staten and Tyler islands.
57-year period of record combined, mean monthly De-
cember-through-August outflow under the preferred al- For project alternatives with dredging of channels without
ternative is about 1 percent less than it is under the no-ac-levee setback, the dredged materials will be placed on the
tion alternative (Table 5-10A). The relative change inback of the existing levees. Temporary settling areas may
outflow is greatest in the critical and dry years, for which be needed for drying of the dredged materials before they
mean preferred alternative outflows are 6 and 4 Percent can be used to reinforce a levee depending on the type of
less, respectively, than the no-action alternative, equipment used for the dredging. Dredging can be accom-

plished by the use of a barge-mounted clamshell or drag-
If, as recent observations suggest, outflow plays a positiveline.
role in longfin smelt production, the predicted reductions
in outflow under the preferred altern.ative in the drier In case of project alternatives involving eialargement of
years would be expected to reduce production. The dif-channels with levee setback, new channels and levees will
ferences in dry- and critical-year outflows are relatively be constructed on the land adjacent to the existing levee.
small during April through June. This period includesMost of the excavated organic soil from the new channels
three of the four months when outflows and abundancewill be utilized in building the riverside berms.on cacti side
are most closely associated, indicating that the reductionsof the channel.
in abundance would be less than suggested by the changes
in mean December-through-August outflow. The setback levee is designed to be constructed with bor-

row materials imported from other sources. To minimize
As previously discussed, the abundance of bay shrimp inimpacts on the roadway traffic in the project area, im-
San Francisco Bay is closely associated with mean monthlyported materials (embankment and riprap) could be
March-through-May outflow. As shown in Table 5-10A, barged to the site. Wherebarging.is not possible, imported
the preferred alternative alone is expected to have verymaterials will be hauled by trucks. Concrete can be
minor effects on mean monthly outflow levels duringhatched near the project site on dry land.
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Table 5-33. Summary of Environmental Impacts Caused by Construction
Yes M a2Lb_~_ No                                            Yes ~ No

4. i. Earth. Will the proposal result in: i1. Populafion. Will the proposal alter the location, distri-
a. Uustable earth conditions or iu button, density, or growth rate of the human population

cbanges in geologic substructure? __ __ X - of an area? __ __ X_
b. Disruptions, displacements, compacfion, 12. Housing. Will lhe proposal affect existing housing or

or overcovering of the soil?                             " X       __        __             create a demand for additional housing?                       __        X
c. Changes in topography or ground surface relieffeaturas?X __ -- 13. Transportalion/Cirrulation. Will the proposal:
d. Destruction, covering, or modification

of any unique geologic or physical feature? __ __ X a. generate substsullal additional vehicular movement? __ __ X
e. Any increase in wind or water erosion of b. affect existing parking facilities or.demand for new

soil, either on or offthe site? __ X.X_ __ parking? __ __ X
f. Changes in deposition or erosion of beach sands, or e. Substantially impact existing transportation systems? __ __ X

changes in siltation, deposition or erosiou that may d. Ailer present patterns of circulation or movement
modify tile cbannel of a river or stream or Ihe bed of of people and/or goods? __ __ X.
the ocean or any baN inlet, or lake? __ __ X

e. Alter waterborne, rail, or air traffic? X
g. Exposure of people or property to geologic -- --

hazards, such as earthquakes, landslides, f. Increase traffic hazards to motor vehicles, cyclists, or

mudslides, ground failure, or similar hazards? __ __ X
pedestrians? __ __ X

2. Air. Will the proposal result in: 14. Public.Services. Will the proposal affect or result in a need

a. Snbstanfial air eraissions or deterioration of for new or altered governmental services in these areas:

ambient air quality?. __ __ X a. Fire protection? ~
__ __

b. Tile creation of objectionable odors? __ ~ X b. Police protection? __ ~ X__
c. Alteration of air movement, moisture, or: c. Schools? __ __ X_

temperature, or any change in climate, either d. Parks or other recreational facilities? __ __ X
locally or regionally? ~ __ X e. Maintenance of public facilities, including roads? __ -- X

3. Water. Will the proposal result in: £. Other governmental services? X
a. Changes in currents, or the course or direction of 15. Energy. Will the proposal result in:

water movements, in either marine or fresh water? -- ~ X a. Use of substantial amounts of fuel or energy?. __ __ X
b. Changes in absorption rates, drainage patterns, b. Subslsutial increase In demand on existing sources of

or tile rate aud araount of surface water runoff?. ~ ~ X energ~ or require development of new energy sources?__ __ X
c. Alterations to the course or flow of flood waters? X 16. Utilities. Will the proposal result in a n9~d for new systems

d. Change in the amount of surface water in any or substantial alterations to.the following utilities:
water body? X __

a. Power or natural gas? __ __ X

e. Discharge into surface waters, or in any alteration
-- b. Communications systems? __ __ X

c. Water? __ __ Xof surface water quality, including but not limited
d. Sewer or septic tanks? __ __ Xto temperature, dissolved oxygen, or turbidity?. X __ e. Storm water damage? __ __ Xf. Alteration of the direction or flow rate of ground water? __ __ ~ f. Solid waste and disposal? __ __ X

g. Change in tile quantity ofgronnd waters, either
17. IInman tlealth. Will the proposal result in:

through direct additions or wilbdrawl, or through a. Creation of any health hazard or potential health hazard
interception of an aquifer by cuts or excavations? X-̄-- -- (excluding mental bealth)?

h. Substantial reduction in the amount of water b. Exposure of people to potential health hazards? ~ ~ Xolher~vise available for public ~vater supplies? __ ~ X 18. Aestbetlcs. Will tile proposal result in obstruction of any
i. Exposure of people or property to water-related

scenic vista or view open to rile public, or will the proposal
hazards such as floodtug or tidal waves? __ ~ X_ result in tile creation of an aesthetically offensive site open

4. Plant Life. Will the proposal result in: to public view?
a. Changes in the diversity of species, or number of any 19. Recreation. Will the proposal affect the quality or quantity

species of plants (including trees~ shrubs, grass~ crops, of existing recreational opportunilies?
and aquatic plants)? __ ~ X 20. Cultuml Resources. Will the proposal:

b. Reduction of the number of any unique, rare or a. result in alteration or destruction of a prehistoric or
endangered species of plants? __ ~ X historic archeological site? X__

c. Introduction of new species of plants into all area, or b. result in adverse pbysical or aesthetic effects to a pro-
barrier to tile normal replenishmsut of existing species? ~ X historic or historic building, structure, or object? __ X

d. Reduction in acreage of any agricultural crop? ~" ~ __ c. have the potential in cause a physicalchange that wmdd--
5. Animal Life? Will the proposal result in: affect unique ethnic cultural values?

__ __
a. Change in the diversity of species, or numbers o~ any d. restrict existing religious or sacred uses within the

auimal species (birds, land animals, tucluding reptiles, potential impact area? __ __ X
fish and shellfish, benthic orgsuisms or insects)? __ __ X 2I. Mandatory Findings of Significance.

b. Reduction in the number of ally unique, rare, or a. Does the project have the potential to degrade the
endangered species of animals? __ __ X quality of tile e~lvirooment, substantially reduce

c. Iutroduction of new species of animals into an area, the habitat of a fish or ~vildlife species, cause a
a barrier to tbe migmtion or movement of onlmals? X fish 6r wildlife population to drop below self-

- ~ sustaining levels, tbreaten to eliminate n plant ord. Deterioration of existing fish orwildlife babitat?                               X
animal community~ reduce tile number of or

6. Noise. Will the proposal result in:
restrict the range of a rare or endangered plant

a. Increases in existing noise levels? X ~ or animal, or eliminate important examples of tile
b. Exposure of people to severe noise levels? ~" major periods of California history or prehlstory? X_.

7. Light & Glare. Will new light and glare occur? __ ~ X b. Does the project have the potential to acbieve short-term-
S. Land Use. Will the proposal result in substantial altem- to the disadvsutage of long-term--environmental goals?

tion of tile present or plsuned land use of an area? _X. ~ __ (A shore-term environmental impact is one that occurs

9. Natural Resources. Will rile proposal result in: in a relatively brief, definitive period, whereas
long-term impacts will endure well into the future.) __ __a. Increase in rate of use of any natuml resources"~

__ ~ ~X c. Does the project bave impacts that are individually
b. Substantial depletion of any nonrenewable rasource? __ ~ X limited but cumulatively considemble? (A project may

I0. Risk of Upset. Will the proposal involve: impact two or more separale resources where the impact
a. Risk of explosion or release of hazardous substance On each is relalively small but wbera tile effect of the

(including but not limited to oil, pesticides, chemicals, total impacts on the environment is significant.) __ __ X
or radiatiou) in the event of an accident or upset? __ ~ X d. Does tile project have environmental effects that will

b. Possible interference wilh an emergency response cause substantial adverse effects oil human beings
plan or an emergency evacuation plan?              __     ~     X     ~9~ either directly or indirectly?.                      __     __     X
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Table 5-34 Summary of Estimated Major Material-Quantities Needed
for Construction of North Delta Program Facilities

Item                     Unit Proj~t Alternatives ¯

2A       2B       3A       3B       4A       4B       5A    :. ii::ili?;ii ~i!ii15 Biiiii::~:!~i~:~ili-    6A       6B
Excavate Existing Channel CY 3,527,000 3,527,000 6,548,000 6,548,000 15,569,000 15,569,000 10,831,000 i!i:.~:i:~;~3~:i.~0~):: 2,937,000 2,937,000

Reinforce Existing Levee CY 219,000 219,000 295,000 295,000 1,280,000 1,’280,000 806,000 :!);~ii:ii-:;i:::~i~::;i ......

Excavate New Channel CY --- 786,000 --- 786,000 9,950,000 10,736,000 7,960,000 ;:;i~i&746i000~ii --- 786,000

Berm Embankment using ............ 2,980,000 2,980,000 1,811,000 ili!i-!!i;81~:ii:O0~Jii" " ~ ’"- ~ ’ ......
Channel Excavation CY

Levee Embankment using CY --- 123,000 --- 123,000 2,808,000 2,931,000 1,388,000 :::: i:.:::!i!~i~i~i:;~O(~::i ---     123,000
Channel Excavation
Levee Embankment using    CY --- 17,000 --- !7,000 9,762,000 9,779,000-5,507,000 :~:i::i:#;524;Q~)0? 2,592,000 2,609,000
imported Borrow
Riprap TON

Bedding (6" under riprap) TON 36,000 50,000 70,000 84,000 550,000 564,000 463,000 :~:~:::~’~:~:.47Z~0b~: 550,000 564,000

Geotextile SF 1,117,000 1,533,000 2,156,000 2,572,000 31,855,000 32,271,000 27,861,000:":-::~:"":~28:;2ZT;:O00~ 13,496,000 13,912,000

Concrete-Structural CY --- 16,000 --- 16,000 10,000 26,000 10,000 :.~.::~::::~.~::~26~0~0. 39,300 55,300

Reinf0rcingSteel LB --- 3,288,000 .... &288,000 2,392,000 5,680,000 2,392,000 .~5;6~£~.#~0~- 8,549,000 11,837,000

Structural Steel LB --- 720,000 --- 720,000 --- 720,000 .... ~;::~;~::~2d; 00~:~ --- 720,000

Structural ~cavation --- 123,000 --- 123,000 --- 123,000 ---    ~:::~ ~:.~i:~ &:O0 ~: 17,000 140,000

Land Acquisition AC --- 15 --- 15 1,229 1,244 1,~1 :.:~/~:.~:~.~:~-~i:,:056~:~- " - ’-12,700 12,715
Alternative C~s (in $1.,~0) $29,000 ~9,000 ~3,000 $83,000 $368,000 $398,0~ $260,000 ~::~:.~i}~;~:~;!~ $250,0~ $280,~
(NOT INCLUDING M~IGATION COSTS)

~ Preferred Alternative



Preliminary quantity estimates of earthwork and otherbe short-term and the water quality is expected to return
major materials needed for construction are summarizedto normal levels shortly after dredging is completed.
in Table 5~34.

The dredging operations will have no long term effects on
A common method of constructing an embankmentbenthic organisms. Depending upon the extent of chart-
where o~ganic soil is encountered is to remove the organicnel dredging, removal of benthic organisms will range
material and replace it with a mineral soil. However, this from a small portion to almost all organisms. For near
method is not considered practical because of the highcomplete removal, studies have shown that the remaining
cost of the large volume of borrow materials needed to re-organisms plus natural migration will quickly repopulate
place the equally large volume of cut. Instead, the borrowthe channel. In areas Of minor dredging, the existing ben-
materials for construction of new levees, will be placed onthic community would supply the organisms for repopula-
the existing ground, with a COnstruction fabric to providetion. There will be a localized, temporary impact on fish
separation from the peat soil below. However, because ofdependent upon benthic organisms for food.
the existence of peat ranging in depth from 10 to 20 feet in
most of the project areas, it is anticipated that consider-

Dredged materials will be deposited on the land side of

able settlement will occur during and after construction.. existing levees or’on the water side of newlevees to create
water side berms. There will be a temporary increase in

The estimated quantity of borrow for the embankmentsui’face erosion due to rain and wind until a new vegeta-

has beenincreased by up to a maximum of 50 percent, de-tion cover can be established. After earth moving opera-

pending on the depth of peat to account for the expectedtions have been completed the bare areas will be re-seed-

settlement. Settlement can be as much as 50 percent ofed, and where necessary, erosion protection measures will

the depth of the organic materials in the foundation,be employed. The water side slopes of levees and berms
will be protected with a layer of construction fabric coy-About haft of the total settlement is expected to occur

quite rapidly, within two to three months; another fourthered by rip-rap to protect against wave and flow erosion.

is expected within three years after placement; and the re-The setback levees and new channel will be conStructed
mainder, over a long period of time. with the existing levees in place, so the construction oper-

ations will have no immediate impact upon water qualityWhere organic materials are not uniformly deep, differ,in the channels. Upon completion of the setback levees
ential settlement could cause tension cracking within theand new channels, the new channels will be filled bylevee and subject the levee to piping and subsequent fail-
ure. To minimize this problem, levee construction may in-pumping, siphoning, or controlled breaching to prevent

clude the use of geotextiles, cements, and special place-excessive scour and t_urbidity. Breach excavation will be

ment techniques. Also, to promote quick settlement and
completed when water levels are eqi~aliz~ed, using back-

stabilization, foundations with deep organic materials canhoe, clamshell, or dragline. This operation will result in
temporary increases in turbidity, similar to dredging oper-be provided with drainage facilities to release pore pres-
ations.sure. In order to prevent the occurrence of piping, levee

design will ensure that the materials used are compatible:The physical features of the proposed work are summa-
As a consequence of all these considerations, the con-rized below:
struction will take longer and probably be more expensive
than with conventional methods. Channel Dredging. The channels would be be increased in

cross sectional areas to the extent possible by dredging the
Channel Improvements -- Physical Impacts channel bottoms to an elevation of about 20 feet below

mean sea level while maintaining a side slope no steeper
The iilain features of the North Delta Water Program in- than 2:1 on either side of the existing channel. Dredging
clude irflprovement of the channels either by dredging ofcan be accomplished by the use of barge-mounted clam-
the channels or enlargement with levee setbacks, shell, dragline, or hydraulic dredge. The materials to be

excavated from the channel bottom will be placed on the
Water quality parameters, such as turbidity, heavy metalland side of the existing levee. The excess dredged materi-
concentrations, and nutrient concentrations, will not beals may also be used for creating island and water side
affected by the dredging. These parameters will be af- berm construction. A typical section of channel dredging
fected during the dredging operations, but the effects w ill is shown on Figure 5-30.
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ChannelEnIargement with Levee Setback. This includes ex- Channel Improvements m Biological Impacts
cavatiort of a new channel with a new setback levee in ad-
dition to dredging of the existing channel. The maximumBackground. Most of the NDP alternatives include dredg-
depth of excavation will be limited to about 20 feet belowing and setback levees for channel enlargement and in-
mean sea level for both the existing and the new channelsvolve using the dredge material for constructing new le-
with water side slopes no steeper than 2:1. The exteriorvees, reinforcing existing levees, or enhancing habitat.
side slopes of the setback levee will vary from 3:1 to 5:1,Toxics in the dredge material may cause a variety of terres-
depending on the depth of underlying peat in the founda-trial and aquatic problems during and after construction.
tion. In addition to the new setback levee, berms about 50Dredging operations cause some degree of turbidity in the
feet wide are planned for each side of the new channel tochannels; this, in turn, may cause contaminants in the
create additional wildlife habitat as shown on the typicalsediment to become waterborne, where they may pose a
section of channel enlargement in Figure 5-30. The sizehealth risk to aquatic life and instream users. When an-
of the new channel is determined from the total cross-aerobic dredge material is exposed to air, it begins to oxi-
sectional area required to pass the 100 year flood flowdize and acidify, and its toxicity may increase. Rainfall can
safely, percolate through the dredge material, contaminating

ground water, soil, and crops. Surface runoff from rainfall
can also flow over the dredge material, carrying contami-

No Action Alternative. The No Action Alternative is not nants into ditches and adjacent channels. Even if contam-
inants are not transported by percolation and surface ero-expected to affect channel turbidity, benthic life, or ero-

sion rates, sion, plants grown in the dredged material can accumu-
late certain toxic substances, thereby making them avail-
able to the food chaini Evaluation of potential toxicity
concerns is an integral part of the permits process.

Preferred Alternative. The preferred alternative, 5B, in-
volves extensive dredging, excavation, and new levee con-The Department filed for a Department of the Army per-
struction. The work will be done in phases,,beginning withmit (commonly referred to as a Section 404 permit) on
the South Fork Mokelumne River at its junction with theMarch 10,1989. On the same date the Department re-
San Joaquin River and working upstream. Constructionquested that the Regional Water Quality Control Board,
methods, turbidity control, erosion control, and manage-Central Valley Region (Regional Board) initiate the re-
ment of contaminants willbe in accordance with regulato-view process to evaluate impacts of the project on water
ry requirements to minimize construction impacts. Man-quality, in accordance with Section 401 of the Clean Wa-
agement of potential contaminants is described underter Act (33 USC 1341).
"Channel Improvements - Biological Impacts.

Prior to approval of the Section 404 permit by the Corps,
the Regional Board must provide certification, or a waiver

Other Alternatives. Alternatives 4A, 4B, and 5A will have- of certification, that the proposed project will not violate
state water quality standards.impacts similar to the preferred alternative. Alternatives

2A, 2B, 3A, and 3B involve dredging and/or Delta Cross The first step in the certification process is to determine
Channel gate enlargement only. Potential physical ira-whether any toxic materials are present in the channels
pacts of dredging are described in previous paragraphs,that might be dredged.
Alternatives 6A and 6B require the construction of new
setback levees along the South Fork Mokelumne RiverAccordingly, in late 1989, a Dredge Material Testing Pro-
downstream from Georgiana Slough, construction of gram was initiated to determine the composition and tox-
overflow structures on the north and south ends of Statenicily of channel bed material from potential dredge sites in
Island, and breaching the levees of Dead Horse Island andthe north Delta. Toxics are either man-made or naturally
Mc Cormack-Williamson Tract. These construction acti- occurring substances that pose health risks directly or in-
vities will have temporary and localized impacts on tur-’ directly to human, terrestrial or aquatic life. Some of the
bidity at the time the exist ing levees are breached. Thetoxics present in the north Delta may have been released
new levees will require revegetation to minimize surfaceby mining operations in the Sierra Nevada to the east and
erosion. No channels would be dredged under these al-carried downstream to be deposited in the channel sedi-
ternatives, ment. Some ofthe Delta toxics are derivatives of pesti-
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1:100 Year Flood

Island Floor

Existing Channel

Existing Channel with Dredging Only

Old levee to remain
as a wildlife habitat

New Levee

’~",~2:1

~Berrn to createChannel Dredging and Enlargement with New Levee Setback wildlife habitat
(Old Levee to Remain as a Channel Island)

Low Summer Flows

Figure 5-30. Possible Channel Capacity Improvements
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cides used for agriculture. Residues from pesticides no
longer in use may still be present. Marinas and boats are
a source of Delta toxics such as copper and tributyltin
(TBT). Presently, both federal and state regulations have
curtailed the use of some of these harmful toxics, but not
before these practices have deposited contaminants in
some areas in the north Delta.

The first phase of the Dredge Material Testing Program
involved preliminary testing of potential dredge sites for
sediment-borne toxics. Six sites on the Mokelumne River
system were selected on the basis of probable toxicity from
low to high (Figure 5-31). Surface samples (about 6-inch
depth) of dredge material were taken for analysis at each
site. Samples were sent to private labs and analyzed ac-
cording to EPA standards for processing and detection.
Table 5-35 lists the test results for all six sites for the metal
mercury and TBT. Appendix I shows the results of all oth-
er toxic chemicals and metals tested for.

A workshop was held by DWR on June 13, 1990 to evalu-
ate and discuss the first phase test results. The Depart-
ment of Fish and Game, Department of Health Services,
State Water Resources Control Board, and Regional
Board staffs attended the workshop. The participating
agencies agreed that the greatest concerns involved ele- Figure 5-31. Dredge Material Test Sites

vated levels of mercury. However, many questions aboutand tributyltin (TBT) were reiterated. These potential
sediment sampling and evaluation requirements were un-toxic contaminants are described as follows.
resolved.

Mercury. The element mercury is an extremely dense
On July 20, 1990, a second meeting .on dredge materialmetal that exists in a liquid state at standard temperature
testing was held with Dr. Richard Lee, Project Manager of and pressure. Metallic mercury and organic mercury are
the Corps Waterway Experiment Station (WES), as well relatively insoluble in water, whereas certain types of in-
as a SWRCB representative: WES, located in Vicksburg,organic mercury are water soluble. Most of the soluble
Mississippi, has the facilities and expertise to perform allmercury in an estuary settles out of the water column and
the major dredge material tests. Procedures for sam-deposits in the channel sediment. Mercury is currently
pling, transporting, and evaluating the sediment in theused in plastic manufacturing, agricultural chemicals,
study were discussed in detail. Concerns about mercuryelectrical component manufacturing, and dental sup-

Table 5-35
Preliminary Test Results for Mercury and IMbutyltin

EPA Station
Toxic Units Standard    1 2 3           4 5 6

Mercury mg/kg 20 0.14 0.46 37.0 7.6 34.0 30.0

Tributyltin ~g/kg NE1 5.4 3.3 ND2 3.5 2.4 5.3

1EPA has not established standards for tributyltin.
2Not detected.
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plies. Also, mercury was used extensively in Sierra Ne-Most of the TBT that is released into the water ends up in
vada mining operations to amalgamate gold. the channel sediment. TBT accumulates in concentra-

tions ranging from one to four orders of magnitude great-
er in sediment than in the water column above it. TBT canMercury can be formed into different compounds with

methyl mercury as the most toxic because it is the mostbe re-suspended in water if the sediment is agitated, asin

easily absorbed and most slowly lost by plant or animal tis-dredging operations. Once in suspension, TBT remains in

sues. Most plants will absorb mercury and translocatethe water until it attaches itself to sediment particles and

into different areas, such as leaves or roots. In birds,settles to the channel bed. In fresh water the half-life of
methyl mercury, f0ui~d, in contaminated plants or fish, ac-TBT is about 238 days.

cumulates in the liver-kidney area and can cause repro-
duction disorders and death. Predatory birds are especial-Most aquatic life metabolizes TBT at various rates in dif-

ly susceptible to mercury poisoning because of the foodferent tissues. Once it is ingested, the half-life of TBT

chain magnification of the metal. Fish can accumulate ex-also varies with the type of aquatic organisms but ranges
from 7 to 60 days. In general, marine organisms are moretremely high quantities of mercury without showing any

detrimental physical effects. In both animals and hu-sensitive to TBT than are aquatic organisms.

mans, mercury can cause health disorders and death if in-
gested in sufficient concentrations for a specific duration.Table 5-35 shows that TBT is present in north Delta chan-

nel sediment, but no data are available for determining
whether the concentrations are significant.Preliminary test results for mercury (Table 5-35) show

three stations three stations where reported sedimentDredge Material Testing tgorl~plan. Based on the results of
mercury concentrations were high, ranging from 30.0 tothe preliminary sampling programs and the two dredge37.0 mg/Kg. Under the Title 22 definition of a hazardous
waste, mercury concentrations exceeding the Totalmaterial testing mee.tings held in June and July, DWR is

Threshold Limit Concentration (T-FLC) of 20 mg/KO currently drafting a work plan to analyze the dredge mate-

could be defined as a hazardous waste. The samples didrial in the north Delta area. This work plan may include
one or more of the following six dredge material tests tonot exceed the soluble thresh01d limit concentrations

(STLC) Of 0.2 mg/L. The Department is currently resam- determine the potential impacts of dredging and placing
¯ channel sediments on the landside of delta levees: corepiing all sites to confirm the reported mercury concentra-

sampling/ in-situ, bioassay, effluent quality, surfacetions,
runoff, and leachate quality tests. Bioassay, effluent, sur-
face runoff, and leachate quality tests are all in-lab tests.

Tributyltin (TBT). TBT, which contains the metal tin, has These testsare described as follows:
recently been identified as an environmental concern for
both marine and aquatic life. TBT has been added to ma-The core sampling test involves extracting channel bed
rine paint as an anti-fouling agent for over 20 years to pre-core samples and analyzing them to determine both engi-
vent the buildup of barnacles and other invertebrates onneering properties and concentrations of toxic contami-
shiphulls. Paint containing TBT can stay toxic for up tonants. Core samples may be taken from depths up to 20
seven years, feet below mean sea level, which will probably be the

dredging depth limit. Samples would be analyzed for tox-
In 1988, Congress passed bills restricting the use of TBT inics and contaminants to determine toxicity stratification in
anti-fouling boat paints. The Navy has stopped usingthe channel bed. Three core samples per site would be
TBTpaints except, on aluminum hull boats. The Calf0r-taken.
nia Department of Food and AgricuIture currently re-
stricts the use of TBT anti-fouling paints on any surfaceThe in-situ test involves placing about 1,000 cy of dredge
that may comein contact with water, material on land and allowing the material to weather un-

der natural hydrologic conditions over a period of up to
TBT’s effect on humans and the environment is not fullytwo years. The dredge material would be monitored to
known, partly due to the lack of research performed onevaluate pH, decomposition characteristics, runoff water
TBT effects in fresh water environments. Until further quality, and toxicity levels during the aging process as it
study and analysis are completed, EPA will not establishwould affect plant and animal life. Natural revegetation
drinking water standards for water-borne TBT. and wildlife re-establishment of the dredge material
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would also be monitored and evaluated. This test wouldvals during the drying process, rainfall events are applied
serve as a check of the lab test results, to the lysimeter, and surface runoff-water samples are

collected and analyzed for selected water-quality param-
The bioassay test subjects three terrestrial and aquaticeters. The dredged material pH can decrease to less than
species to dredge material and its drainage water to deter-7 and sometimes to less than 4, particularly when high
mine their effects on growth rate, reproductivity, longer-concentrations of sulfide and organic material are pres-
ity, and bioaccumulation. In the plant bioassay test, plantsent.
are grown on the sediment under conditions simulating
the proposed upland disposal environment and moni-The leachate test evaluates the potential for subsurface
toted throughout the test growth period. In the animaldrainage water from dredge material placed in an upland
bioassay test, fish and mollusks are subjected to variousenvironment from reaching adjacent aquifers or sur-
concentrations of drainage water from oxidized dredgefacebodies of water by leaching. The leaching potential
material and monitored to evaluate immediate and long-analysis of dredged material is needed in order to evaluate
term effects, potential migration of contaminants.

The effluent test uses the water that is discharged as theA sample of the sediment is dried for six months, and sub-
sediment is placed on the land side of the levee duringsamples are taken for the leachate tests. The laboratory
dredging. The effluent may contain levels of both dis-procedure for the kinetic leachate testincludes combining
solved and particulate contaminants. A modified elutri-sediment and distilled water in centrifuge tubes to main-
ate test procedure, developed under the U.S.Army Corpstaina certain established test ratio. The tubes are then
of Engineers Long-Term Effects of. Dredging Operations shaken for several days and samples are taken periodically
(LEDO) Research Program, can be used to predict both for analysis.
the dissolved and particulate-associated concentrations
of contaminants. The sequential batch leach test utilizes a certain ratio of

sediment to water added to a centrifuge tube. After shak-
The laboratory test simulates contaminants release undering, the samples are centrifuged and the supernatant liq-
disposal conditions. The lab procedure involves mixing auid is analyzed. This process is repeated for a period of
certain ratio of sediment to water to approximate that ex-time by replenishing water takenfrom the original tubes.
pected under field conditions. The mixed slurry is then
aerated for a period of time and allowed to settle. A sam- To date, there have been no obvious impacts of channel
ple of the supernatant water is then analyzed for total con-dredging On vegetation, fish, or wildlife, despite dredging
centrations of contaminants of concern. Concentrationsfor levee and channel maintenance over the past
can be compared with applicable water quality standardsyears. However, construction impacts and more subtle
after consideration of appropriate mixing zone and thelong-term impacts of the proposed project need to be ade-
quality of the receiving water, quately investigated prior to project implementation. Ac-

cordingly, the Dredge Material Testing Workplan will in-
The surface runoff test helps evaluate contaminant too-corporate all tests and procedures needed toaddress the
bility in rainfall-induced surface runoff as part of the concerns raised in the preliminary Dredge Material Test-
overall environm.ental impact Of the dredged material,ing Program.
Physical and chemical changes occur when sediment is ex-
posed to air. The effects of drying the sediment are con-No-action Alternative. Under the No-action alternative,
sidered in estimating the quality of the runoff, dredging will not occur. Channelbed material will remain

generally undisturbed except for localized dredging for le-
Alaboratory test using a rotating disk type rainfall simula-vee maintenance and during floods.
tor has been developed and is being used to predict sur-
face runoff-water quality from dredged material as part of Preferred Alternative. The preferred alternative includes
the Corps of Engineers/Environmental Protectiondredging the existing channels of the major north Delta
Agency Field Verification Program. This test protocol in- channels as shown in Figure 321. Approximately 11 mil-
volves taking a sediment sample from a waterway andlion cubicyards will be dredged and used to strengthen ex-
placing it in a soil-bed lysimeter in its original wet, anaer-isting levees, construct waterside berms, and construct
obic state. The sediment is allowed to dry out. At inter- new setback levees.

201

C--071 334
C-071101.235



There are five marinas in the project area: Walnut GroveThe L(~ma Prieta earthquake of October 17, 1989, with a
Marina on Snodgrass Slough, Wimpy’s Marina at the junc-magnitude of 7.1 on the Richter scale, caused no apparent
tion oF the North and South forks Mokelumne River, levee failure in the Delta which was approximately 60
Tower Marina at the junction of South Fork Mokelumne miles from the epicenter.. The seismograph at Clifton
River and Little Potato Slough, the marina complex at theCourt Forebay recorded a maximum ground acceleration
junction of Georgiana Slough and the Mokelumne River,of 0.08g for that earthquake.
and the marina complex at the junction of the ,
Mokelumne River and the San Joaquin River. Past andHowever, information and reports from various sources

present operations at these marinas may have depositedindicate that there is significant risk of levee fail.ure due to

contaminants in the channel bed, which may becomeearthquake loads in the Delta. A preliminary seismic risk

available to the food chain during dredging operations,assessment of levees within the south Delta can be found

The numerous agricultural drainage return systems in thein a study, Preliminary Seismic Risk Analysis, Bureau of

north Delta may also have deposited metals and otherReclamation, February 1989, which suggests that up to 40

contaminants used in pesticides and herbicides, percent of the levees are susceptible to failure due to
earthquake loads in the north Delta. The Corps com-

Other Alternatives. All the other alternatives, except the pleted a preliminary report on liquefaction in the Delta
flood by-pass alternatives, involve dredging to some de-titled Sacramento-San Joaquin Delta Liquefaction Poten-
gree. Dredge site locations are all adjacent to or down-tial (Appendix J), U. S. Army Corps of Engineers, April,
stream of marinas and agricultural drainage return1987 which also indicates the existence of failure potential
pumps. Therefore, results from the dredge material anal-due to an earthquake. Earthquake loadings will be con-
ysis may affect the possible uses of the material or may ne-sidered in the project des~ign.
gate the dredging option. Since the flood by-pass alterna- -
tives do not involve dredging, results from the dredge ma-Highway and Bridge Modification

terial testing program will not affect these alternatives. DWR will work closely with the California Department of

Impacts due to Earthquake Loadings Transportation (CalTrans) regarding any possible impacts
’ to State highways, and with county Departments of Public

All the north Delta project alternatives include either re- Works regarding impacts on county roads. All plans and

inf0rcing of existing levees or construction of new leveesactivities affecting State highways willbe coordinated with

or a combination of both. The design considerations forengineers from both the District 3 (Marysville) and Dis-

these reconstructed or new levees would include antici-trict 10 (Stockton) offices 0f CalTrans.

pated earthquake loadings. No-action Alternative. For the No-action alternative, it is

A potential cause of levee failure in the Delta that hasobvious that no highway or bridge modification would be

not been fully studied is liquefaction of the foundationrequired.

due to earthquake. Liquefaction is a phenomenon where-Preferred Alternative. For the preferred alternative 5B
: by, during shaking from an earthquake, saturated sands(Dredge the South Fork Mokelumne River and Enlarge
~. lose strength and flow like a liquid. Liquefaction potentialthe North Fork Mokelumne River and Enlarge the Delta
~ depends on ground acceleration, material types and rela-Cross Channel Gates), two new bridges would be re-
~~ tive density. Other factors which can influence liquefac- quired, one on the Walnut-Grove-Thornton Road over~ tion potential in the Delta include type and size of seismicthe North Fork, andthe othe’r0n state Highway 160over

waves generated, duration and amplitude of ground shak-the Delta cross channel. The existing bridge over the cross
ing, drainage conditions at a potential site, and degree ofchannet will be either extended or a new bridge on a new
saturation or non-saturation of levee and foundationapproach channel will be constructed depending on the
materials, location of the gate enlargement.

The new levees will be constructed with mineral soils thatThe project alternatives with only dredging of channels
are stronger than the predominantly organic soil forma-without levee setback will require practically no modifica-
tion. tion of the existing highways and bridges.

Apart from foundation failure, earthquake shaking alsoOther Alternatives. For all the other potential alternatives
has the potential to cause slope failures, with levee setback and enlargement of the Delta cross
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channel gates, two new bridges will be required to replaceSince the project is in a rural area, dust would not become
the existing bridges which are not long enough to span thea serious problem during excavation and hauling. The
proposed enlarged channels. Of the two new bridges, onecontractor will be required to minimize the dust by water-
will be on the Walnut-Grove-Thornton Road over theing or other means of control. The dust that cannot be
South Fork, and the other on the State Highway 160 overcontrolled is not expected to exceed that caused by normal
the enlarged Delta cross channel as needed for the pre-farming activities. The contract specifications may also re-
ferred alternative~ Levee setbacks could also impactquire the contractor to apply appropriate dust-control
some roadway embankments and would require carefulmeasures on detours and operating roads. . ¯
evaluation of alternative alignments.

Local water quality problems, such as increased turbidity,

Temporary Impacts of Construction can be expected for a short time in some channels due to
construction of bridge piers, cofferdams, and dredging.
This impact will be extended through the constructioia pc-

State Highway 160 could be impacted at several locationsriod only, and will end once the project is operational.
depending on the implementation of the alternatives. If
river wells were to be constructed for mitigation between

DWR will obtain permits from the Regional Water Quali-
ty Control Board, DFG, and the Corps for all operations

Hood and Courtland, possible highway relocation and re-that would increase turbidity.
construction may be required. Some temporary inconve-
niences to local motorists are expected during earthworkDuring certain phases of construction, recreational activi-
operations for both dredging and levee setbacks. : ties on the north and south Mokelumne River, Delta

Cross-Channel, and the area of Dead Horse Island will
Even though impacts to State highways can be minimizedbe inconvenienced. All necessary permits will be obtained
with some modification in construction planning, moto-from proper governmental authorities before construc-
rists may encounter detours and slight delays. This inc0n-tion can start.
venience will be handled in compliance with CalTrans reg-
ulations. Utilities, if any, such as gas and water supply lines, power

and telephone cables, underground cables, and wells that
Construction of the project is expected to cause somewouldbedisruptedbytheprojectw0uldbereplacedorre-
sh0rt-term effects on the environment. The environmen- located at project expense. To minimize disruption of ser-
tal control measures would be detailed in the special pro-vice, the relocation of such facilities would be handled by
visions of each contract document, the utility company involved. Utility cables or pipelines in

the Project area will be either overhead or underground,
The relocation of structures, the possible modification ofas appropriate. Utility companies will be notified of con-
highvcays and bridges, and the use of county roads forstruction in advance.
hauling would cause some delays and inconveniences to

Wells within tiae right-of-way boundary would be eitherlocal residents due to detours and rerouting of traffic in
the affected areas. However, the contractor will be in- plugged and abandoned, replaced, or otherwise compen-

structed to avoid peak traffic hours and weekends as muchsated for.

as possible and to have adequate signs and personnel toWhere land acquisition is part of a project component,
move traffic safely and expeditiously through construc-- DWR and other involved agencies will assist each person,
tion zones, family, business, farm, or nonprofit organization to relo-

cate or find an equivalerit property. Every effort will be
Increased noise due to construction traffic and pile drivingmade to keep inconvenience to a minimum and to allow
eqtaipment at some sites would be unavoidable, but thissufficient time f0.r relocation. If necessary, a local office
effect would be localized and will have minor impacts onwill be established for better service.
fhe public. The project area is no(immediatelY adjacent to
any metropolitan areas. These activities may have someImpacts on fish migration from construction will be mini-
effect on local wildlife. The contractor will have to meet mal. Cofferdams, built to divert water from bridge con-
the requirements of the California Occupational Safetystruction sites, will extend slightly into the river and may
and Health Administration (CALOSHA), which should cause temporary increases in turbidity: The changed flow
preclude unacceptable noise level pattern from the cofferdams may temporarily impact fish
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migration, depending on timing and construction meth-Growth-Inducing Impacts
ods used.

This section discusses the socioeconomic growth in the
SWP service areas and areas affected by flood control.

Vegetation between the construction easement area ofThe location, timing, and magnitude of economic and
the canal embankment will be disturbed by constructionpopu!ation growth within a region are determined by a
equipment, resulting in the dislocation of wildlife. DWRmultitude of interrelated economic, social, and political
has planned a mitigation program in compliance withfactors, including:
HEP. As discussed under "Impacts on Wildlife and Wild-
life Habitat~" HEP was developed by DFG to evaluate the¯ employment opportunities;
impacts of land and water development projects on thē availability and cost of natural resources, including
quantity and quality of wildlife habitat, land, water, and energy;

¯ availability and cost of housing;
The USFWS will make certain that the Endangered Spe-̄ adequacy of community infrastructure (transportation
cies Act of 1973 is fully administered. The act will ensure facilities, fire and police protection, schools, recre-
that the proposed project is not likely to jeopardize the ational facilities, etc.);
continued existence of any endangered or threatened spe-
cies or result in the destruction or adverse modification of

¯ local government policy concerning growth issues

critical habitat for such species, unless an exemption of
(zoning ordinances, general plans, etc.); and

the project has been granted by the Endangered Species̄ participation in the National Flood Insurance Pro-

Committee established by the act. DFG will also ensure gram.

full protection of species on the State endangered list. Since each of those variables influences growth, it is very
difficult to ascertain if a change in one of them is sufficient

Impacts on SWP Service Areas to cause a significant change in community growth rates.

DWR’s planning activities are designed to accommodate
Improvements resulting from the NDP will beneficially existing and planned growth--not control it. The provi-
affect the water quality and reliability of SWP supplies de- sion of water or a degree of flood control, by itself, is not
livered to the SWP service areas. As a result, these im-considered as stimulating growth if all the other factors
provements Will have favorable socioeconomic impacts inlisted above are not conducive to that growth.
the service areas, which could 1) include less disruption ofSeveral complex factors must be examined to determinewater Supplies and fewer shortages, and 2) provide less ex-

growth inducement. First, are there alternatives (both de-pensive source of water. In addition, the project will en-
able water users in the area to maintain their presentmand management and supply augmentation) that could

quality of life. The project is not considered to be growthbe implemented in the absence of the project? If alterna-

inducing, tives are available_(even if they are more expensive than
the proposed project), it can be assumed that they would
be implemented in the absence of the project. Hence,

Socioeconomic Impacts with or without the project, growth will occur; the only ef-
fect of the project is a less expensive source of water.

Most of the impacts discussed above are difficult to quan-Another factor that needs to be considered is local gov-
tify. However, the provision of less-expensive suppliesernment policy regarding growth. Most communities in
can be measured by comparing the cost of the project withthe State have implemented land use policies throughthe cost of alternatives that would otherwise have to betheir general plans and zoning ordinances that attempt to
implemented in the absence of the project. This analysismanage growth in conjunction with their available re-
was presented in Chapter 3. The cost of options thatsources. These plans address population growth, land use,would be displaced by the existence of the proposed facili-circulation, public services, and environmental resources.
ties and the expected economic losses that would beThe strength of these plans in managing growth varies
avoided with the proposed facilities were analyzed. The

from community to yommunity.~total annual economic impact was estimated to be a bene-
fit of about 49.6 million, with 41.2 million in the SouthThe determination of whether a particular water project
Coastal service area alone, induces growth also depends on how it is used. For exam-
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ple, if the project’s yield is used in addition to current sur-perior Court ruling mandating drastic cuts in diversions
face and ground water, supplies, then the resultingfrom the Owens Valley into this service area may also
growth-inducing impacts could be different than if thecause a reduction of up to 60,000 AF from the current wa-
yield were used to replace existing supplies (such as over-ter supplies, bringing the total possible reduction to
drafted ground water basins). Also, because many existing835,000 AF. Thus, the 83,100 AF allotment that would go
supplies in the Southern California service area will be re-to Southern California would be required to partially off-
duced in the future (due to decreased Colorado River en-set this loss of supplies.
titlements resulting from in_creased diversions to the Cen-
tral Arizona Project and the lower Colorado River Indian Although population growth is not directly related to wa-

tribes, as well as reductions in Owens Valley supplies),ter supplies, the relationship between the two can be esti-

supplies from the proposed project are necessary merelymated. For example, if estimates of the population sup-

to maintain current water supplies, ported by the project’s supplies can be derived on the basis
of the physical relationship between water supply and

The NDP will not by itself meet the requirements of the per-capita use, the above deliveries could physically sup-
National Flood Insurance Program. This program re-port the following population:
quires participating local governments to regulate flood
plain development in their communities. Entry into the Area pdpulation
program is voluntary, but local regulations and ordinances North Bay 11,000
must meet NFIP requirements before private property South Bay 31,500
owners may participate in the insurance program. Central Coastal 11,500

San Joaquin Valley 15,700
Without LBG and KWB, The NDP will provide about 139 Southern California 0
TAF of yield to the SWP per year. If it is assumed that this Total 69,700
water would be distributed to the SWP service areas in
proportion to the service areas’ total entitlement, the dis-
tribution would be as follows: Because deliveries to the Southern California service

area are needed to partially offset future losses of water
supplies, they would not be considered’ as supporting

Area Acre-feet "new" population.
North Bay 2,200
South Bay 6,300 Underlying this approach are a number of assumptions.
Central Coastal 2,300 First, it must be assumed that water supply from the proj-
San loaquin Valley 45,100 ect is the only constraint to growth, and that without the
Southern California ~ project, growth would not occur. This implies that there
Total 139,000 are no alternatives that could be implemented in the ab-

sence of the project. Also assumed is that all other re-
sources (such as land and energy) and community infra-

The Feather River service area is excluded because; as anstructure (roads; schools~ police and fire protection, etc.)
area of origin, it will receive its full entitlement, with or are adequate to accommodate growth.
without the proposed project. The Central Coastal en- ¯
titlement assumes construction of the Coastal Aqueduct.These assumptions seem tenuous. The assum.ption that
In the San Joaquin service area, about 88 percent of thegrowth would not have occurred without the:~’}oject may
entitlement will be used for agriculture, leaving a remain-not be reasonable because there may be alternatives, such
tier of about 5,400 AF for urban uses. as waste water re_c_lamation and desalination, that could be

implemented in the project’s absence. These alternatives
For the Southern California service area, the additionalmay be very expensive, but they may be available. Also,
supplies provided by this project should not be consideredeven if the project’s supplies are delivered, other resource
as "new." In this service area, current entitlements to theconstraints in the service areas may limit population
Colorado River will be reduced 775,000 AF by year 2000growth. Examples include air and waste-water quality
because of 1) increased diversions to the Central Arizonastandards, traffic congestion, local government, and fiscal
Project, and 2) increased water rights awarded to the low- constraints. Given these limitations, this scenario does
er Colorado River Indian tribes. In addition, a recent Su-not provide a reasonable estimate of growth-inducing ira-
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pacts: However, these numbers are provided for refer: Relationship of the Proposed Action
ence only and could be viewed as the estimated maximum to Land Use Plans
growth.

The NDP would be coordinated with land use plans in the
six Delta counties: Solano, Sacramento, San Joaquin,

A proposed water supply project should be considered toYolo, Contra Costa, and Alameda.
be growth-inducing only if it results in an increase in pop-
ulation projections compared with what would have octThe Council on Environmental Quality and the Farmland
curred without the project. However, ff population pro- Protection Act of 1981 require federal agencies to assess,
jections can be expected to remain the same with the pr0j-in their EIS’s, the impacts of their actions on prime or
ect, the project can not be considered to be growth induc-unique farmland and to consider alternative actions that
ing. could lessen those impacts. As negotiations for the

SDWMP near completion, this analysis will be accom-
plished. The Soil Conservation Service will be contacted

A test of whether a project will be growth inducing de- to identify whether the proposed action or alternatives
pends on the availability and cost of alternatives thatwould impact any lands classified as prime and unique
could be implemented in the absence of the project. If fea-farmland.
sine alternatives are available, it must be assumed that
they would be implemented in the absence of the project; ¯ Energy and Capacity Impacts
thus, population growth will remain unchanged with or
without the project. However, ff feasible alternatives are The impacts of NDP on energy and capacity; total genera-
not available, then the project would in fact remove abar-tion of a plant in a given period; and maximum output
rier to growth, thereby allowing it to occur, from the plant at any given time were reviewed in recogni-

tion of the following:

Alternatives are available in all of the service areas. Somē The points of analysis for energy conservation set forth
of these alternatives may be very expensive (such as desa- in Appendix F of the California Environmental Quali-

lination in coastal areas), but they are available. Because ty Act guidelines.
they are available, it can be assumed that population̄ DWR’s long-range energy resources and mitigation
growth would continue with or without the project; hence program.
no growth-inducing impacts would occur. This approach̄ Operation studies and economic analysis (see Chapter
provides an estimate of minimum growth. The actual 3, "Physical and Operational Comparison of AIterna-
growth inducing impact may lie somewhere in between tive" and "Economic Analysis").
the two estimates.

To the extent that water deliveries through SWP facilities
will increase due to the implementation of a NDP, SWP

The economic impact assessment follows a similar proce-energy requirements will also increase. However, ineffi-
dure; that is, it assumes that alternatives are usually avail,cient, wasteful, or unnecessary energy consumption will
able to meet projected population and economic growth,be avoided by measures such as water conservation, ener-
and that if the proposed project is not built, then alterna-gy recovery along the system, cost effective improvement
tives (demand management and/or supply augmentation)in machinery~ and minimal use of on-peak energy. Such
will be implemented. If these alternatives are more ex-measures are included in DWR’s energy program and
pensive than the proposed project, the impact of the proj-were incorporated in the economic analysis, which also
ect is the avoidance of these higher costs (see Chapter 3).considered the high costs of energy and capacity.

The estimated average annual increase in energy require-
Impacts on Central Valley Project ments, assuming 3.8 MAF SWP demands, implementa-

Service Areas tion of SDWMP, and construction of LBG and KWB, is
¯ about 1,170 gigaWatt hours (GWh) in SWP pumping load.

About 290 GWh of this would be recovered by SWP recov2
The Central Valley Project service areas are discussed incry generation on the aqueduct. The remaining 880 GWh
Chapter 4, "Environmental Setting." would be an increment to SWP system power require-
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Table 5-36
Potential Impacts of Energy Resources

Conventional Conventional
Oil Coal Nuclear1

Land use .for power plants

(acres) 25-100 100-200 300-500

Cooling water required1,2
(acre-feet) 1,380 1,380 2,330

Air emissions3

(tons/year)
nitrus oxide 1,880 2,070
sulphur dioxide 4,210 11,290
particulates 143 18,434
hydrogen sulfide -- --

1The larger land area (500 acres) is required if evaporation ponds are used for blowdown.
2For evaporative cooling towers.
3Annually.

merits. These figures are based on an increase of 550,000Mitigation measures used in constructing and operating a
AF in pumping at the Banks Pumping Plant on average,typical coal plant include:

¯ The 880 GWh is approximately equivalent to the annual̄ a sulfur dioxide scrubber to remove at least 85 percent
energy that would be used by 95,300 homes, or the annual of the sulfur dioxide in the flue gas,
output of a 145-megawatt (MW) base load power plant

an electrostatic precipitator to remove virtually all flyoperating at 68 percent of its maximum output rate. A
ash from the flue gas,base load plant is one that is intended to run almost con7

tinuously. Examples of such plants are Pacific Gas and̄ boiler design to limit nitrous oxide emissions to a maxi-
Electric Company’s Diabl.o Canyon nuclear plant on the mum of 0.6 lbs/1,000,000 BTU, and
central coast or Portland General Electric Company’s̄ dust abatement provisions for the coal handling and
Boardman coal plant in Oregon. storage system.

Overall mitigation for increased power requirements is
The specific source of 880 GWh cannot be determined atincorporated into: (1) environmental impact reports and
this time; it Could come from any combination of existingdesign features for specific water and power facilities, (2)
power resources to which DWR has access; with intercon- coordination of power sources and uses between utilities,
nections, these could number in the hundreds. DWR does(3) efficient use of water supplies, and (4) best use of off-
not plan to develop any new resources to meet this in-peak power supplies to delay construction of new generat-
crease in project load. However, DWR anticipates future ing facilities.
purchases of 100=MW blocks of unspecified baseload. For Impacts on Navigation and Recreationpurposes of cost analysis, these purchases can be repre-
sented as shares in existing or future power plants. The~ Various components in the NDP will have some affect on
potential impacts of 100 MW share of some typical energynavigation and recreation. The benefits and possible ira-
resources are shown in Table 5-36.. pacts are discussed in this section.

Navigation
A generic coal plant would probably be similar to the ex-
isting Reid Gardner coal plant in Nevada, in which DWRDelta channels support growing commercial and recre~
is a participant, ational traffic. About 5 million tons of cargo are handled
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annually by inland ports that serve ships coming up deepImpacts
water channels from San Francisco Bay. Popularity for ¯ Temporary closing of certain reaches of channels andrecreation is indicated by about 10,000 berths and over
100,000 pleasure boat registrations in five Delta counties, rerouting due to construction.

¯ Increased water flows may create a need for better
Most Delta waterways are navigable by small craft, and navigational skills and awareness by recreational
the Sacramento River is maintained by the Corps as navi- boaters.
gable for 145 miles between Suisun Bay and Colusa under

Recreationthe Sacramento River Shallow Draft Channel Project.
Depths of 10 feet are provided below Sacramento, 6 feetThe NDP can provide for increased recreational opportu-
from Sacramento to Colusa, and 5 feet from Colusa tonities in the Delta. Increased channel and land access
Chico Landing. Also, the authorizing document for Shas-through levee setbacks will add to the areas available for
ta Dam provides for minimum releases of 5,000 cfs toboating, fishing, and boater destination sites.
maintain navigation depths; however, releases for other
CVP purposes generally exceed this minimum require-The Delta provides a variety of public recreational oppor-
merit tunities including fishing and motor boating (see discus-

sion in Chapter 4, "Environmental Setting"). The report,
In addition, the Corps maintains two deep water channelsRecreation Facilities Plan for North and South Delta,
connecting ~ Stockton and Sacramento with the PacificMarch 1988 estimates that without additional facilities,
Ocean. These channels will accommodate ocean-goingrecreation days in the Delta are expected to reach 14.1
shipping and are known as the Baldwin Deep Water Chart- million by the year 2000.
nel and the Sacramento Deep Water Channel respective-However, the report also states that public recrqational
ly. opportunities in the north Delta are limited because of in-

The NDP will have negligible effect on either the Stock- sufficient facilities. Such public facilities as parking, boat

ton or Sacramento deep water channels and therefore,launch ramps, camp units, and picnic areas are very lira-

will not impact most of the commercial navigation. Thereited in the north Delta, causing the demand for public rec-

is, however, a potential for impacting irregular navigationreation in the north Delta to far exceed the supply.

such as equipment and material barges for constructionWater-related Delta activities depend on adequate water
and repair and floating dredges, levels in the Delta channels; however, Del{a water levels

tend to be fairly consistent from year to year. During tlie
Some channels in the north Delta are silted in, with ex-drought of- 1976-1977, while reservoirs throughout the
posed shoals, mud fiats, and submerged debris. This re-State were extremely low, the Delta maintained about the
stricts recreational use and can cause hazards for boaterssame water levels and recreational opportunities as in
in the area. Impacts on recreational use is discussed inother years.
greater detail in the following section. The NDP has the
potential to significantly improve recreational boating. The levee setback feature of the NDP offers a good opt

portunity for improving access to the North Delta. Public
Impacts from construction of the NDP are either tempo- access to land and wate.r is limited, because most land, in-
rary or negligible. These are discussed earlier in this chap-cluding the levees, is privately owned. The present road
ter under Impacts of Construction. system provides inadequate access for land-based recre-

ation. Very few roads exist in the interior of the Delta.
The benefits and possible impacts are summarized below.Parking along public roads is extremely limited.

Recreationists often trespass on private property causing
Benefits: vandalism and damage to levees. Both the old levee and

new levee constructed for the setback can be avaiiable for¯ Recreational water depths are increased in some up-recreational opportunities. Specific recreation areas will
stream area. be chosen with consideration for protecting wildlife and

¯ Additional shoreline will be created, adjacent private lands.

¯ Potential for separation of high speed and low speedRecreation on the new and existing levees will be designed
traffic on channels with setback levees, for low impact uses. The wetland and riparian habitats
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that willbe created and enhanced by the NDP can co-existUnder the preferred alternative, boating access at San
with limited uses such as hiking, bird watching, photogra-Luis Reservoir will be unaffected since the boat ramps
phy and fishing. The Nature Conservancy, a private non-should remain accessible in virtually allyears. At Oroville
profit organization committed tO wildlife preservation, Reservoir, however, access to the boat ramps will be in-
has successfully used the concept of low intensity visitorcreased. Assuming no south Delta improvements are
use in many of their wildlife areas. Parking areas will beconstructed, the boat ramps at Bidwell Canyon, Lime’
constructed to accommodate recreationists. Saddle, Loafer Creek, and the spillway will be accessible

some 81, 83, 83, and 90 percent of the time respectively,
The NDP may impact recreational opportunities induring June through September.
Oroville Reservoir. Since SWP exports vary under theThe marinas at Bidwell Canyon and Lime Saddle will be
No-action alternative and other alternatives, including.accessible about 81 and 83 percent of the time. Access ira-
the preferred alternative, the operation of Oroville and
San Luis reservoirs changes. This variation in reservoirproves if south Delta facilities are also constructed be-

cause spring and summer reservoir withdrawals from
operation willbe reflected in changes in water surface ele- Lake Oroville will be reduced.vations and the subsequent changes in recreational op-
portunities. Recreation use in these reservoirs is directlyAlternatives 6A and 6B, which involve creation of a flood-
related to water levels, boating being one of the most pop-way through McCormack-Williamson Tract, Dead Horse
ular activities. In 1987, Oroville Reservoir had overIsland, Staten Island, and portions of Bouldin and Bran-
800,000 recreation days of use, while San Luis Reservoirnan-Andrus Islands, would increase available water sur-
had almost 3,500,000 recreation days of use. face area by more than 10,000 acres. This would increase

boating opportunities. Concurrently, the inundation of
There are two marinas and four boat ramps at Oroville low-lying lands on these islands would reduce excellent
Reservoir and two boat ramps.at San Luis reservoir. Thewildlife habitat and low-impact recreation opportunities,
water surface elevation required for these facilities to besuch as bird watching, photography, and hunting.
usable and the frequency at which they couldbe used from
June through September under the No-action, the pre-
ferred, and the other alternatives is shown in Table 5-37.OtherAlternatives. All the other alternatives will have rec-

The table indicates that recreational opportunities at Sanreational impacts on Oroville and San Luis reservoirs sim-

Luis reservoir will be unaffected, but those at Oroville ilar to those for the preferred alternative. Those alterna-
tives with dredging only, will slightly improve Delta recre-Reservoir for the preferred, alternative and the other al-

ternatives will increase, ational opportunities. Alternatives with setback levees
will have recreationa! impacts similar to those for the pre-

No-action Alternative. Under. the No-action alternative, ferred alternative.

re.creational opportunities in the north Delta will remain Other Considerations
sharply limited. Demand for recreation in the Delta, cur-
rently exceeding supply, will continue to increase as theThe analysis of environmental impacts in this chapter
population of the Delta area grows_, used statewide operation studies and Delta studies. K

storage south of the Delta should increase with no as-
The boat ramps at San Luis Reservoir will Continue to besumption of Delta facilities beyond those in the various al-
usablein almost all .years. The boat ramps at Orovilleternatives, the statewide operation studies and Delta stu-
Reservoir at Bidwell Canyon, Lime Saddle, Loafer Creek,dies would yield results similar to those completed. It is
and the spillway will be usable approximately 73, 75, 7 5,expected that the analyses of environmental impacts
and 89 percent of the time respectively, during. Junewould yield results close to those discussed in this chapter.
through September. The marinas at Bidwell Canyon andIf additional storage south of the Delta were assumed, op-
Lime Saddle will be usable respectively some 73 and 75erational considerations to protect.fish could be implem-
percent of the time.            .. ented to provide additional benefits for fish. If LBG and

KWB are not constructed, the NDP could still provide ad-
Preferred Alternative. Under the preferred alternative, ditional operational flexibility for SWP diversions that
recreational opportunities in the north Delta will in-could be used to benefit Delta fisheries. However, this
crease. The levee ,setback feature.will allow greater legalbenefit would be less than that resulting from construc-
access to both land and water-based activities, tion of KWB and LBG.
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Table 5-37
Impact of Alternatives on Boating in Lake Oroville and San Luis Reservoir

(Based on 57-Year Study with 3.8 MAF SWP Demands)

Required Percentage of Time Facilities Usable
Facility                Water Level (ft) (June--Sept) for alternatives

: 1 2A 2B 3A 3B 4A 4B 5A 5B 6A 6B
Oroville Reservoir
Boat Ramps

Bidwell Canyon 781 73 78 81 80 81 80 81 80 81 80 81
Lime Saddle 775 75 80 83. 82 83 82 83 82 83 83 83
Loafer Creek 775 75 80 83 82 83 82 83 82 83 83 83
Spillway 725 89 89 90 90 90 90 90 90 90 90 90

Marinas
Bidwell Canyon 781 73 78 81 80 81 80 81 80 81 80 81
Lime Saddle 775 75 80 83 82 83 82 83 82 83 83 83

San Luis Reservoir
Boat Ramps

DinoSaur               325 100 100 100 100 100 100 100 100 100 100 100
Basalt 350 100 100 100 100 100 100 100 100 100 100 100

The statewide operation studies and Delta studies used inOther short-term impacts due to construction activities
the analysis of environmental impacts in this chapter as-are as follows:
sumed SWP demands of 3.8 MAF. As SWP demands in-
crease with time, without mitigation, the NDP, along with¯ increased traffic in the project area;

LBG and KWB, could gradually reduce the fishery bene= ¯ increased noise levels;
fits that willbe gained tlirough implementing the NDP.

¯ disturbed vegetation in the project area;
Summary of Impacts
Under the Preferred Alternative ¯ possible disrupted local utilities; and

Energy Impacts. To the extent that the SWP system’s de- ¯ increased dust and turbidity in the project area.

livery capability will increase by implementing the NDP, Impacts on Wildlife and Wildlife Habitat. Under the pre-
the energy requirements will also increase. Average an-ferred alternative, levee setbacks are proposed along the
nual increase in energy required to pump the additionalmain stem and the North Fork Mokelumne River. As a
deliveries is estimated to be about 1,170 gigaWatt hoursresult, it is estimated that more than 350 acres of berm is,
(GWh). Approximately 290 GWh of this will be recovered land habitat will be crea}ed. In addition, the South Fork
through the SWP power generation facilities, resulting inMokelumne River, will be dredged and it is proposed to
a net increase of 280 GWh. utilize the dredged material to enhande wildlife habitat

along the stream banksi Dredging activities will.be staged
hnpacts During Construction. The preferred alternative to minimize any adverse impact on Sacramento Spiittail
involves channel enlargement of the main stem and Northspawning. The proposed project is expected to result in a
Fork Mokelumne River and dredging of the North andnet gain in wildli£e habitat. "
South Forks of the Mokelumne River. Disturbing the
streambed may adversely impact the water quality in thehnpacts on Salmon and Steelhead. Under the preferred al-
short-term by causing any contaminants that may be pres-ternative, changes in Sacramento River flow and SWP ex-
ent to become waterborne and pose health risks to aquaticports may have some adverse impacts on migrating sal-
life and instream users. Accordingly, in late 1989, amonids. Increased Feather River flows in the spring and
Dredge Material Testing Program was initiated to deter- early summer will improve conditions for egg incubation,
mine the composition and toxicity of channel bed materi-rearing and out migration. Channel enlargement and le-
a1. The second phase of this program is still in progress,vee setbacks will improve habitat and partially offset the
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effects of Delta Cross Channel diversions for migrating Impacts on Archaeological
salmonids. Direct impacts of the changes in the condi-and Cultural Resources
tions of the Delta on salmon are estimated by a fish loss
model. The results of the model run with the preferredThere are many archaeological sites within the legal Del-
alternative indicated slightly greater losses of chinookta, Many exist in agricultural areas where it is considered
salmon as compared to the no-action alternative, impracticable to avoid a site when conducting farming op-

erations. Archaeological sites are characterized as
mounds of soil on natural levees containing a variety of

Impacts on Striped Bass. The Sacramento River popula- artifacts, including unbaked clay shards, fresh water fish
tion of striped bass may be adversely impacted by thebones, stone chips, and human burials. The channeliza-
greater diversions of the flow through the Delta Crosstion of the Delta waterways, the extensive levee system,
Channel. However, reduction or elimination of reverseand intensive agricultural practices disturbed many areas
flow conditions in the lower San Joaquin River wouldbefore any archaeological surveys could be conducted.
have beneficial effects by directing more fish towards the
Suisun Bay and away from Clifton Court Forebay.. Pro- Archaeological and cultural resource information centers
posed flexibility in the operation of the Delta Cross Chan-at California State University, Sacramento, and Califor-
nel under thepreferred alternative may allow closing thenia State University, Sonoma, were contacted for the Sac-
gates during the times of peak egg and larvae production,ramento and San Joaquin counties portions of the project.
Improvement of habitat and water quality for spawning
and rearing in the south Delta, particularly the lower SanA record search has revealed six previously recorded pre-
Joaquin River should have positive effects on the stripedhistoric sites within 1/2 mile of the project. Only one pre-

bass population, historic site appears t~o be within the possible impact area
of the proposed levee and/or channel work. Nopreviously
recorded historic archaeological sites are known for the

Impacts on Resident Fish. Direct impacts of the preferred project area Or the surrounding vicinity.

alternative On resident game and n0n-game fish were eva-
A limited archaeological study was conducted on Decem-luated. Increases in entrainment for resident fish were
bet 5, 1989, of aporti0n of the New Hope T~act levee by aprojected, but reductions in reverse flows should partly

compensate or offset the estimated losses. Enhancementgroup from California State University, Sonoma. The

of riparian habitat and channel island with emergentgroupmadeanintensivefleldsurveyofastripoflandlying

vegetation in the North Fork Mokelumne River will in- along the south levee of the Mokelumne River for about
5.4 miles. Discovery included several buildings within thecrease the habitat for food and cover for many resident

fish species, western portion of the strip; they include a modern resi-
dence, three historic barns, and a collapsed historic resi-
dence with other features comprising a historic home-

Impacts Evaluated with Insufficient Information stead complex. No additional historic-period resources
were identified .by this survey. There is the possibility,

to Determine Significance - however, of the existence of subsurface stone or ad¢be
foundations or walls, or other structural r_emains and
bactffilled wells and privies and other subsurface refuse

hnpacts on San Francisco Bay. The impacts of pulse flows deposits throughout the project areal There is also the
and total Delta outflow on the Bay estuary system are notpossibility of subsurface prehistoric cultural resources
completely understood. Overall, the preferred alterna-within the project area. Such prehistoric materials include
tive will have mi_nimal i..rnpact on the outflow pulse char-but ~are not limited to chert and obsidian flakes or arti-
acteristics. Monthly Delta outflow under the preferred facts; milling equipNent such as morta’rs and pestles; lo-
alternative will be reduced by an average of about fourcally darkened soils (midden), often containing artifacts
percent in the below-normal, dry, and critical years. Theand bone dietary debris; and human burials. Construction
reduction of monthly outflow in the July through Augustcontract documents will specify that if concentrations of
period of these years will be about 12 percent. How Deltaprehistoric or historic materials are encountered during
outflows under ttie preferred alternative affect Sanconstruction, work in the immediate vicinity ofthe find
Francisco Bay bio!ogical resources is unknown, shall halt until a qualified archaeologist has evaluated the
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situation. If human remains are encountered, the countycreated ¯ with these alternatives will create several
coroner will be contacted, hundred acres of prime riparian, wetland, and upland hab-

itat.
The design and/or specifications of the alternative actions
will include avoidance of known archaeological and cul-Alternatives 6A and 6B will permanently inundate and
tural resources sites, take out of production over 10,000 acres of agricultural

land, creating primarily open water habitat. The existing
Sites that cannot be avoided willbe evaluated for their sig-Staten Island levees would remain, except where they
nificance and eligibility for listing in the National Registerwould be breached at the north and south ends of the is-
of HistoricPlaceS, pursuant to Section 106 of the Nationalland. According to FWS, open water habitat is already
Historic Preservation Act. If it is determined that adverse plentiful in the.De!ta and the island flooding would result
effects will occur to sites which meet the criteria of the in a net loss for wildlife habitat. Thus these alternatives
National Register, the State Historic Preservation Officer would result in a long term loss of agricultural productiv-
will be consulted so that acceptable mitigation proceduresity and.wildlife habitat.
can be developed.

The NDP alternatives can increase long-term economic
Irreversible or Irretrievable Commitments of productivity by using developed water more efficiently~

Resources Facilities proposed by the NDP will allow more water
versions to meet the State’s rapidly growing water re-

A substantial in~eversible and irretrievable commitmentquirements. The increased water diversions will help re-

of resources will be involved in the construction of theduce ground water overdraft and contamination problems

NDE Depending on the alternative selected, irretriev-during dry years. The NDP will allow more water to be

able large capital costs Will be involved. Land will be pur- stored upstream of the Delta which will increase the pro-

chased and its use changed from agriculture to either wa-ductivity of the SWP by increasing hydropower generation

ter conveyance or wildlife habitat. Large quantities ofcapacity and flexibility. It will increase the SWP reliabil-

construction materials (Table 3-2 and Appendix H) will beity, with long term improvements in the State’s productiv-

used for erosion protection and levee ~construction. Theity.

Delta Cross Channel gate structure may be enlarged, re-
quiring concrete, Steel, and other construction materials.Secondary Impacts of the Preferred Alternative

Large quantities of fossil fuels will be expended during
the construction process, primarily for earth moving bper-The California Environmental Quality Act requires con-

sideration of indirect (secondary) consequences, whichations.
are related more to effects of the primary consequences

Operation of the SWP will probably be modified t6 takethan to the project itself and may be several steps re-

advantage of the hydrodynamic improvements the NDPmoved from the project in a chain of cause and effect.

will provide. These operational modifications are not Jr-Table 5-38 is a summary check list of the secondgry im-

reversible and can be changed to simulate pre-NDP con-pacts of the preferred alternative. The table includes top-

ditions if it is in the public interest. Although physicalics assessed in this chapter as primary impacts. These are

modifications to the Delta Cross Channel gates are irre-designated by a "p" notation and have been explained in

versible, the gate operation can be modified to in~orpo-detail. Parameters for which potential impacts are identi-
fled are briefly explained below:rate changes in policies.

Population. The proposed project cannot independently
Relationship Between Short-Term Uses of the affect population characteristics of any region in the State
Environment and Long-Term Productivity or nation. As discussed under ,Growth-Inducing Im-

pacts," there are several other factors that play a signifi-
Land use changes associated with Alternatives 2A,2B,3A,cant role in determining the population characteristics in
and 3B will be minor. Alternatives 4A,4B,SA, and 5B re- the future.
quire the conversion of agricultural land to levees, berms,
or channels, with a net improvement in wildlife andHousing. Future housing conditions are a function of sev-
aquatic habitat. Water side berms and channel islandseral complex and interrelated factors, including the price
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Table 5-38. Summary, of Secondary. Environmental Impacts
Yes ~ ~ Ye._~s ~ No

1. EaCh. Will the propnsal result in:
11. Population. Will the proposal alter the location, distri-

a. Unstable earth conditions or in
button, density, or growth rate of the human population

changes in geologic substructure? __ __ X of an area? __ X__

b. Dtsruptious, displacementS, compactiou, 12. tloustng. Will the proposal affect existing housing or
create a demand for additional housing? ~ X_

or overcovering of the soil? . __
c. Cbanges in topograpby or ground surface relief features? ~ x 13. Trausportotion/Cirsulation. Will the proposal:

d. Destruction covering, or modification a. generate substantial additional vehisulaz movement? X
of any unique geologic or physical feature? __ __ X -- --

b. affect existing parking facilities or demand for new
e. Any increase in wind or water erosion of parking? X

soil, either on or offthe site? __ x__ -- --

f. Changes in deposition or erosion of beach sands~ or
c. Substantially impact existing transportation systems? __ X__

changes in siltation, deposition or erosion that may d. Altar present patterns of circulation or movement
modify the channel of a river or stream or the bed of of people and/or good~?

the ocean or any bay, inlet~ or lake? ~ -- X
e. Alter waterborne, rail, or air traffic? __ X__

g. Exposure of people or property to geologic L Increase trall3¢ hazards to motar vehicles, cyclistS, or
hazards, such as earthquakes, Isudslides, pedestrians?
mudslides, ground failure, or similar hazards? __ __ X

14. Public Services. Will the proposal affect or result in a need
2. Air. Will the proposal result tn: for new or alterad governmental services in these areas:~

a. Substantial air emissions or deterioration of a. Fire protection? __ X__
ambient air quality?. __ __ X

b. The creation of objectionable odors? X b. Police protection? __ X__

- -- -- c. Schools? -- Xm
c. Altaratlon of atr movement, moisture, or d. Parks or other recreational facilities? __ X~

temperature, or an)" change in climate, either
locally or regionally? ~ ~ X e. Maintenance of public facilities, including roads? __ X_

3. Water. Will the proposal result in:
L Other governmsutal services? __ X__

a. Changes in currents, or the course or direction at
15. Energy. Will the proposal rasult in:

a. Use of substantial hmounts of fuel or energy? P~ __
water movements, in either marine or fresh water? P-- -- b. Substantial increase i~ demand on existin~ sources of

b. Changes in absorption rates, drainage patterns, energ~ or require develoPment o£ new energy sources?P__ __
or the rate and amount of surface water runoff?. P~ ~

16. Utilities. Will the proposal resul~ in a need for~ new Wstems
c. Alterations to the course or flow of flood waters? P-- -- or substantial alterations to the following utilities:"
d. Change in the amount of surface ~vater in any a. Power or natural gas? ~ __ X

watar body?. ~ -- ~ b. Communications systems? __ ~ X_.
e. Discharge Into surface waters, or in any alteration c. Water? ~ __ X

of surface water quality, including but not limited d. Sewer or septic tanks? __ __ X
to temperature, dissolved oxyge~n, or turbidity?. __ X e. Storm water damage? __ __ X

f. Alteration of the direction or flow rate of ground’water? ~ __ X f. Solid waste and disposal? __ ~ X

g. Change in the quantity of ground waters, either 17. Human IIealth. Will tile proposal result in:
through direct additions or withdrawl, or thraugh a. Creation of any health hazard or potential health hazard
interception of an aquifer by cuts or excavations? __ __ X (excluding mental health)? __ ~ X

h. Substantial reduction in the amount of water b. Exposure of people to potsutial health hazards? __ __ X

otberwise available for public water supplies? __ __ X 18. Aesthetics. Will the proposal result in obstruction of any
L Exposure of people or propeff.y to water-related scenic vist~ or view open to the public, or will the proposal

hazards such as flooding or tidal waves? __ __ X_. result in the creation of an aestbetically offensive site open

,L Plant Life. W!ll tile proposal result in:
to public view? __ __ X

a. Changes in the diversity of species, or number of any~ 19. Recreation. Will the proposal affect the quality or quantity

species o£ plants (including trees, shrubs, grass, craps, of existing recreatlonal opportunities?

and aquatte plants)? -- -- X 20. Cultural Resources. Will the proposal:
b. Reduction of the number of any unique, rare or a. result in alteration or destruction of a prehistoric or

endangered species o£ plants? __ __ X historic archeologiral site? __ ~ X

c. Introduction of new species of plants into an area, or " b. result in adverse physical or aesthetic effects to a pro-
barrier to the normal replenishment of existing species?__ __ X h ster c or flstoric buil~ding, structure, or object? . __ ~ X

d. Reduction in acreage of any agricultural crop? P c. have the potential to cause a physical change that would
~ ~ affect unique ethnic cultural values? ._. __ X

5. Animal Life? Will the proposal rasult ia: d. restrict existing religious or sacred uses within the
a. Cbange in the diversity of species, or numbers of any potential impact area? __ __ X

animal species (birds, land animals, including reptiles,
fish and shellfish, benthic organisms or insects)? __ -- X 21. Mandataly Findings of Significance.

b. Reduction iu tile number of any unique, rare, or
a. Does the project have the potential to degrade the

quallty of the enviranment, substantially reduce
endangered species of animals? P--" "2" the habitat of a fish or wildlife species,cause a

~. Introduction of new s~ecies of animals into an area, fish or wildlife population to drop below self-
a barrier to the migration or movement of animals? __ __ X sustaining levels, threaten to eliminate a plant or

d. Deterioration of existing fish or wildlife habitat? __ __ X animal community, reduce the number of or
6. Noise. Will the proposal result in: restrict the range of a rare or endangered plant

X or animal, or elimiaate important examples of thea. Increases ill existing noise levels? __
b. Exposure of people to severe n~ise levels? __ __ X major periods of California history or prehistory? __ __ X

7. Ligbt & Glare. Will new light and glare occur? __ __ X b. Does the project have tile potential to aebieve short-term-

S. Land Use. Will the proposal result in substantial altara- : : to the disadvantage of long-term--environmental goals?

lion of the present or planned la~d use of an area? X (A short-term environmsutal impact is one that occurs
-- in a relatively brief, definitive period, whereas

9. Natural Resources. Will the proposal result in: long-term impacts will endure well into the future.) __ -- X
a. Increase in rate of use of any natural resources? __ __ X ~. Does tile project have impacts that are individually
b. Substantial depletion of any nonrenewable resource? __ -- X limited but cumulatively considerable? (A project may

10. Risk of~Upset. Will the proposal involve: impact two or more separate resources wbere the impact

a. Risk of explosion or release of hazardous substance
on each lsxelativeiy small but where the effect of the

(including but not limited 1o oil, pesticides, cbemicals,
total impacts on the euvironment is significant.) __ __ X

or radiation) in the event of an accident or upset? __ __ X d. Does the project bare enviroameatal effects that will
cause substantial adverse effects on human beings

b. Possible interference with an emergency response either directly or indirectly? __ __ X
plan ....... rgeacy ....uafion plan? _ _ X 213
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of land, zoning policies of the local governments, avail- riverine habitat, additional local flood protection, and
able public services, etc: The proposed project cannot in- increased channel capacity.
dependently have significant effects on future housing
characteristics in any regioni

¯ Water management activities are tO reduce SWP ex-
port buildup rates. By 2010, DWR expects that ex-

Transportation and Public Services; To the extent that this traordinary conservation water management actions

project may play a role in the population and housing will be needed to reduce demand 400,000 AF to ac-
characteristics of the State, it may have secondary impactscount for shortages that may occur 10 percent of the
on the transportation and public service systems, time. Water reclamation is assumed to add 200,000 AF

of supply. Also, water savings by lining of the entire All
Mitigation Measures American Canal and the remaining unlined portion of

the Coachella Canal should make up to 117,000 AF
ObjectiTes of the NDP include, improvement of existing available annually to the .South Coast Region. All of
conditions in the south Delta; therefore, mitigation and these measures will reduce the demand for water from
enhancement features are an integral part of north Delta the Delta. In addition to these measures, DWR is con-
planning, tinuing to advance the major water conservation pro-

Mitigation for Delta Estuary Impacts
grams discussed in ChaPter 3.

¯ Negotiations to expand the existing Banks Pumping
This section discusses the various categories of Delta miti- Plant Fish Agreement for the Banks Pumping Plant
gation applicable to the NDP. These are in addition to the are in progress under Article VII of that agreement.
Delta protective measures discussed in Chapter 1 and
other mitigation measures discussed in Chapter 6.

¯ The principal negotiators are DWR, DFG, and Recla-
mation. To date, the negotiators have identified a

Included in the purpose of the NDP are objectives to im- number of promising mitigation ideas, which are listed
below. Some may be funded to add to the mitigationprove Delta conditions; therefore, mitigation and en-

hancement features are art integral Part of this planning.~ provision for the NDE

Coordination between this program and other DWR¯ Study and test Delta Cross Channel gate closures to
planning activities, such as South and West Delta Water move striped bass down the Sacramento River.
Management Programs, will provide environmental
benefits. : ¯ Study and test the concept of using pulse flows from

Shasta, Oroville and Folsom lakes to move both
Other aspects of mitigation discussed for this project in- striped bass and salmon downstream. ’ -
dude measures for short-term construction impadts and̄ Continue support f0r.studies on the effect of tempera-
energy impacts, ture and flows and how projectoperations might be

Mitigation for cumulative impacts related t0the Delta is impr6ved to benefit fish and wildlife.

discussed in Chapter 6. This includes Such measures as̄ Install temporary barriers and monitor benefits to fish
compliance with Decision D-1485 protective standards, and wildlife.
federal protection under the COA, Suisun Marsh Protec-.
tion, funding for the Interagency Ecological Study Pro-̄ Improve existing fish facilities at Tracy and Banks

gram, and implementation of~ the Banks Pumping Plant Pumping Plants.

Fish Agreement for the Harvey O. Banks Pumping Plant. ¯ Study the feasibility of relocating and consolidating
Delta agricultural diversions. The proposal for a wild-Proposed integrated facilities that Will provid~ for mitiga- life managemertt plan on Sherman Island with poten2

tion measures are as follows: . -
. . tial different water demands may allow curtailed di-

version during the striped bass spawning period. With¯ Levee setbacks will be used to provide channel en-
largements. A new levee will be Constructed and the possible changes in land use, other islands might cur-

tail diversion.old levee will be breached and made into a new chan-
nel island. Levee setbacks will provide new high-qual-¯ Support increased State and federal funding for miti-
ity fish and wildlife habitat, added shoreline, shaded gation studies and projects.
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Environmental Commitments

¯ Negotiate with DFG according to Article ¯, Continue compliance with safeguards of laws, reg-
VII of the existing Banks Pumping Plant ulatory permits and water rights standards.
Fish Agreement to identify additional pro-
tective measures for the Bay-Delta estu- ¯ Advance Suisun Marsh protective activities, includ-
ary. ing new facilities tO implement the Protection

Agreement.
¯ Participate in development of fish protec-

tion measures according to an existing Provide protection for Delta M&! and agricultrural
agreement, including a striped bassgrow- water users through project operations and con-
out facility at SWP facilities and upstream tract managempnt.
measures to improve spawning. ~

¯ Continue multi-million dollar environmental inves-
¯ Continue existing" and, if necessary, ex- tigations to help determine Bay-Delta estuary cor-

pand- monitoring programs for sedimen- rective measures.
tation, scouting, seepage, wat’er quality,
and the effectiveness of mitigation plans. ¯ Obtain the necessary federal and State regulatory

permits.
¯ Protect wildlife and endangered species

habitat losses by participating in the Stone ¯ Operate SWP under the preferred alternative to not
Lake Wildlife Refuge program and protect- conflict with any requirements imposed on DWR by
ing north Delta islands from flooding,              the State and federal Endangered Species Acts.

¯ Create high-quality channel berm habitat ¯ Complete the necessary archeological and cultur-
for rare plants by levee setback designs, al resources surveys for the selected alternatives. If

any sites are found to be. eligible for the National
¯ Mitigate for construction impacts, includ- Register and cannot be avoided, a mitigation plan

ing dust control and off-peak hours for will be developed.
transportation and replanting impacted
vegetation. ¯ Continue advancement of statewide water conser-

vation and reclamation programs to lessen the de-
¯ Mitigate for energy impacts, including mand on Delta water supplies.

best use of off-peak energy supplies, and
project energy efficiency program. ¯ Participate in a recovery team for winter-run salm-

on and obtain appropriate agreements or permits.

¯ Perform comprehensive testing of
dredged materials if used for enhance- ¯ Operate the SWP in compliance with future Delta

merit of existing levees or construction of standards set by SWRCB as the result of current

new levees, hearings.

¯
~

Implement the Delta Flood Protection Act to protect
¯ Advance drinking water investigations to the environmentally rich Delta lands from inunda-

provide for planning decisions to improve tion. Levee improvements will be made without any
source water and treatment processes, net loss of existing habitat.
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¯ Transport young fish by truck or barge to increase sur- based on an increase of 172,000 AF in pumping at the
rival. . Banks Pumping Plant in a median year. The 600 GWh is

approximately equivalent to 100 MW of base load power¯ Eliminate reverse flow in the Lower San Joaquin Riv- plant running at 65 percent capacity.
er during the striped bass spawning period by imple- .
menting the North Delta Program. The specific source of 600 GWh cannoi be determined at

¯ Support the feasibility of installing fish screens on oth-this time. It could.come from any combination of existing

er large Delta diversions, power resources to which DWR has access, which, with in-
terconnections, could number in the hundreds. DWR

¯ Continue to improve striped bass hatchery popula-plans no new resource to meet this increase in project
tions and expand stocking program. 10ad. In its resource planning, however, DWR proiects fu-

¯ Continue to improve grow-out facilities at the Skinner
ture purchases of 100-1VIW blocks of unspecified generic

Fish Facility. . . : ~ baseload. For costing purposes, these blocks represent
shares in existing or future coal plants.

¯ Support studies to improve techniques to betterdetect
large masses (clusters) of striped bass eggs and larvaeMitigation measures employed in constructing and oper-
as they drift downstream find approach major water in- ating a typical coal plant include:

takes.                                   : ¯ A sulfur dioxide scrubber to remove at least 85 percent
Energy Mitigation of the sulfur dioxide in the flue gas:

To the extent that water deliveries through the SWP sys-¯ An electrostatic precipitator to remove virtually all of
~ the fly ash from the flue gas. Improve the boiler designtem are increased by implementation of the NDP, State to limit nitrous oxide emissions to a maximum of 0.6Water Project energy requirements will also increase. In-
lbs/1,000,000 BTU.efficient, wasteful, or unnecessary energy consumption

will be avoided by such measures as water conservation,̄ Dust abatement provisions for the coal-handling and
energy recovery (estimated at 700 GWla) along the system, storage system.
cost-effective improvement in machinery, and minimal
use of on-peak energy. Such measures are included inOverall mitigation for increased power requirements is

DWR’s energy program, and were incorporated in theincorporated into: 1) environmental impact reports and
economic analysis; which also considered the high costs ofdesign features for specific water and power facilities, (2
energy and capacity, coordination between utilities of power sources and pow-

er uses, 3) efficient use of water supplies, and 4) best use
The remaining 600 GWh required w0uld be an incrementof off-peak power supplies to delay construction of new
to SWP system power requirements. These figures are generating facilities.
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Chapter 6, CUMULATIVE IMPACTS

This chapter discusses cumulative impacts on the San Table 6-1
Francisco Bay-Delta estuary, including the North Delta General Effects of NDP on Past and Present
Water Management Program (NDP), cumulative impacts Bay-Delta Estuary Cumulative Impacts
of State Water Project (SWP) deliveries in the serviceat- General Area
eas, and potential mitigation measures for cumulative ira- Affected Effects of NDP
pacts. Federal, State, and local planning, as well as Other
projects related to the Delta, are also discussed. Reclamation. Provides for added wetlands

through design modifications and

In general, cumulative impacts refer to two or more indi- mitigation.

vidual effects that are significant when considered to- Delta flooding Substantially increased channel
gether, or that compound or increase other environ- capacity.
mental impacts. Cumulative i!npacts from several Population No change.
projects are changes in the environment that result from Pollution and Improved SWP water quality due
the incremental impact of the project when added to water quality to reduced reverse flows. Als0,
other closely related past, present, and reasonably fore- . improved circulation.
seeable future projects. Cumulative impacts can result

Recreation Increased recreational opportun-from individually minor, but collectively significant, pro-
ties and access.jects taking place over time.

Fish & wildlife Some benefits for striped bass.
General Impacts of Past and Minimal impacts on salmonids and

Present Development some resident fishes and benefits
for wildlife.

Many forces affect the complex Bay-Delta estuary envi- Delta hydrology Minor changes to outflow.
ronment. Changes have occurred in six general areas: Bay hydrology Minor effect on outflow surges.

Bay and Delta land changes, reclamation, And flood-mained unchanged. Of this, almost half, rnostly along the
ing; southern sections of San Francisco Bay, was originally re-

¯ population; claimed for salt pond.s. Large areas in the north and south
bays have been reclaimed for hirports. Thus,I reclamation

¯ pollution and water quality; has cumulatively reduced valuable riparian and wetland

¯ recreation; habitat for many Bay-Delta species.

¯ fish and wildlife; and The NDP will provide a more valuable natural riparian
and wetland habitat by the following three methods: First,

¯ Delta and Bay hydrology, the design of facilities will recognize the importance of
natural habitat. Channels will be enlarged by constructingImplementation of the NDP would be associated primar-
new setback levees on agricultural lands, and maintainingily with cumulative effects on four general areas; howev- the old levee as a new channel island. This will provide

er, all six areas are discussed, because the relationshipsmiles of new habitat, as ~ell as new channel and water
between .them are complex and interwoven. Table 6-1areas.
summarizes general effects on the San Francisco Bay- - - ¯
Delta Estuary that would result from implementation of Second, as facilities are designed, recreational needs will
the program, be considered, and both the land and opportunity for addi-

tional recreational use will be available. New channels
Reclamation. In 1850, there were about 300 square miles ofand new berm islands will also provide opportunities for
marshlands and more than 250 square miles of tidal andnatural areas and recreation.
submerged lands in San Francisco Bay area~ Due to recla-
mation, little more than 75 square miles of marshland,Third, some interest has¯ been shown by landowners of
and only about 150 miles of tidal and submerged lands re-Twitchell Island and by county interests involved with the
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Yolo bypass concerning conversion of various amounts ofPopulation. Populations in the San Francisco Bay-Delta
cultivated acreage to dedicated wetlands and/or wildlifearea has risen from 5.8 million in 1980 to 6.3 million in
habitat. DWR will coordinate with Yolo County regarding 1985, an 8 percent increase. An increase to 7.9 million in
this matter and discuss possible funding. 2010 has been f0recasted--a growth of 26 percent. This

poPulation growth will affect water supply and demand,
Delta Flooding. In its natural environment about 140 years water quality, air quality, plant and animal life, noise pol-
ago, the Delta consisted of tidal swamp, overflow lands,lution, land use, housing, and esthetics. Populati0n in-
and grasslands covered with dense growths of tules andcreases in local service areas are discussed in Chapter 5.
other water-loving vegetation. It was subject to intermit- None of th~ NDP facilities or proposed operations will af-
tent intrusion of ocean salts during the dry summerfect population forecasts.
months of lean water years and to uncontrolled flooding
during winter and spring. Pollution and Water Quality. Overall, the Interagency

Delta Health Aspects Monitoring Program studies have
shown the Delta to be an acceptable source of water;

Over the years, the former swamplands of the Delta havewhich, when treated, meets existing drinking water Start-
been transformed into some 50 man-made reclaimed is-dards. In the future, however, water exported from the
lands and tracts, iargely devoted to farming. By 1930, allDelta may be more difficult and expe.nsive to treat if ex-
swamplands considered feasible for reclamation had beenpected new water quality standards are adopted. Also, ex-
leveed and were being farmed, port water quality could possibly be improved by certain

proposed new construction, such as enlargement of Clif-
The fertile Delta islands are defined by more than 1,000ton Court Forebay, and by water project Operations in the
miles of levees that protect nearly 500,000 acres of pro-Delta.
ductive farmland. Maintaining this fragile levee system
has been a c0ntinuous problem since the original reclama-The major source of Delta inflow-is the Sacramento
tion began in the 1890s; more than 100 levee failures haveRiver, which drains the Sacramento Valley. This includes
occurred since then. Even with today’s constructionrice field drainage containing pesticides. During the rice-
equipment and improved governmental assistance, theregrowing season, up to one-third of the Sacramento River
have been 24 levee failures since 1980. Reclamation of in-inflow ca.n consist of rice field drain water, and during very
undated islands has become so expensive that in somewet years, Valley drainage can enter the Delta and Cache
cases they have been left flooded (Franks Tract~ lowerSlough via the Yolo Bypass system.
Sherman, Little Franks Tract, Big Break, and Mildred Is-
lands). To date, State and fe.deral disaster assistance haveThe San Joaquin River is the second major tributary pro-

provided $65 million to repair levee breaks. Some adverseviding Delta inflow. The river carries .considerable salts
effects of levee failures include: from irrightion drainage and other sources in the san Joa-

quin Valley. . ’

¯ degradation of Delta water ~quality; The San Joaquin River has been the subject of recent con-

¯ loss of agricultural production; cern regarding its effect on Delta water supplies. Data
collected by the Department of Water Resources (DWR)

¯ major disaster fund expenditures; .... and from other sources indicate that San Joaquin River
¯ water is not higher in pesticide concentrations than that of

¯ loss of wildlife habitat and effects On fish; other streams tributary to the Delta, such as the Sacra-
mento River. Pesticide levels in water samples from all

¯ urban damage; and streams measured were far below established drinking
water limits. Selenium data collected by DWR and the

.¯ disruption of utilities, gas well production, and high-U.S. Geological Survey (USGS) demonstrate that the San
way traffic. Joaquin River is not now significantly degrading Delta

water supplies, although the possibility of future adverse
The NDP facilities will lessen water quality degradation, impacts cannot be dismissed.
reduce the frequency of floodi~ag, and decrease the dam-
age from a 1986 type of event by reducing the number ofNear the Delta, more than 50 municipal and industrial
islands flooded and the cost of flooding, waste dischargers releaseabout 453,000 acre-feet (TAF)
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of waste water annually. In addition, drainage from Delta describe the efforts being made to assure water quality
agriculture totals over 1 million acre-feet (MAF) annu- protections and water supply benefits.
ally. . The South Delta Water Management Program (SDWMP)

The rate of flow of uncontrolled direct surface runoff en- represents parallel planning and environmental docu-
mentation to improve existing conditions in the southerntering San Francisco Bay is nearly ~he same as the flow
Delta. This planning and environmental documentationrate of municipal and industrial waste water (975 cfs vs 790
process is not intended to alter responsibilities under thecfs). Certain parameters, such as 5-day biological oxygenSouth Delta Agreement. The program includes a punicdemand (BOD) and nitrogen loadings, are, as expected,
review of problems, alternative solutions, impacts, andmuch higher from waste water sources. However, several

times as much pollution enters San Francisco Bay via di-mitigation to provide information for selecting corrective

rect surface runoff; therefore, this i~ the largest single action. This process will help bring to light the many inter-
ests and concerns related to water resources planning insource of pollution, the south Delta. The program will also include an inyesti-

Sound water resources management requires compre-gation of the cumulative effects of any corrective action

hensive data collection to enable understanding of factorswhen coupled with other facilities both statewide and in

that can adversely affect water quality. Toward this goal, the Delta.

DWR, in cooperation with other agencies, initiated theMultiple objectives will be considered tO meet the broad
Interagency Delta Heal~h Aspects Monitoring Program in range of water management issues surrounding the Delta.
1983. The particular objectives of the South Delta Agreement

and, in turn, tl~e SD.WMP are to improve and maintain
This program is vital to fulfillment of DWR’s mission of water levels, circulation patterns, and quality. Evaluation
water resource planning and drinking water protection inof multipurp+se aiternatives to meet those objectives will
California. The program was developed in response toalso take into account broader activities of Reclamation
recommendations by a scientific panel appointed by theand DWR, which are to upgrade the.reliability of water
DWR Director to assess the quality of Delta water sup- supplies; increase the efficiency of SWP and CVP ope~ral
plies as it affects human health. The program focuses ontions; and enhance navigation, fishery conditions, flood
sodium, bromide, selenium, asbestos, trihalomethaneControl, and recreational opportunities.
precursors, and pesticides, all of which are important be-
cause of their potential effects on public health. The WestDelta Water Management Program (WDWMP) will

improve the levees protecting Sherman Island, thus re-
The NDP will not impact the winter-run salmon 10-point ducing the possibility of salinity Lqtrusi0n into the Delta
plan as proposed by the recovery team and wil! not add cu-due to island flooding. WDWMP also proposes to change
mulative impacts to endangered species nor violate thethe ladd use of Sherman Island from agriculture to wild-
law. The program will substantially reduce reverse flows ire habitat. This change would reduce or eliminate Subsi-
in the lower San Joaquin River. This, together with im- dence, helping t.o reduce island flooding potential.
proved circulation in the centrai Delta, will improve localTHMFPS in the west Delta would also be reduced be-
and SWP water quality. -: Cause: 1) the potential for salinity intrusion from the Pa-

cfic Ocean (a sou?ce ot THMFPs) due to Sherman Island
Additional discussion of toxics and pollutionis presentedflooding will be less and, 2) less agricultural drainage wa-
in the section titled "Fish and Wildlfe.’~ ter, wtiich has a high concentration of THMFPs, would be

released into the Delta channels due to the change in land
Drinking Water Quality. The preferred alternative in con- use.
junction with other programs will have additional water

Under low-flow conditions, the Sacramento River hasquality benefits for drinking water supplies. The interre-
about 215 ppb THMFP, with a brominated fraction oflati0nship of water supply planning: and the Delta as aabout 6 percent. Water in the western Delta near Sher-source of drinking water is recognized by DWR and other
man Island has about 1,000 ppb THMFP, with a bromi-water agencies. Numerous water resources programs andnated fraction of 90 percent.

studies have been initiated to understand this relationship
and to implement projects that will improve both supplySenate Bill 34 (SB 34) allocates funds to protect Delta is-
and quality of water. The following programs and studieslands from flooding and provides protection against
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short- and long-term water quality degradation in the in drinking water treatment processes or in the opera-
Delta. If a levee fails and a large Delta island becomes tion of Delta export facilities.
flooded during an extended low-flow period, salty water
from Suisun Bay could be drawn into the Delta. This¯ Data from a few Delta island agricultural drains sug/

would adversely affect Delta water quality and diversions gest that peat soils contain high concentrations of or-

for the SWP and the CVP, and extra releases from Up- ganicTHMprecursors..OrganicTHMprecursorsare

stream reservoirs would be required to flush out the salts, also carried into the Delta by river inflows and saltwa-
If the levee is repaired and the flooded island pumped out, ter intrusion.

effectson project operation would be short term. Such¯ Bromides enter the Delta during episodes of saltwa-
short-term water quality problems do not occur if a levee ter intrusion and increase brominated THM produc-
breaks during periods of high winter flows, which would tion. The San JoaCluin River is a fresh water source of
keep salt water out of the Delta. bromides, the origin of which is unknown. Bromi-

nated THMs can be difficult to treat because theyIf a flooded island is not reclaimed, long-term water prob-
readily form during conventional disinfection pro-lems could affect the SWP and the CVR Evaporation

from a flooded island exceeds the consumptiv~ use of agri- cesses.

culture by up to 2 feet per year. Permanent flooding of̄ Pesticides and industrial chemicals are infrequently
certain western Delta islands could increase salinity intru- detected h~ Delta water. When detected, concentra-
sion and cost the projects additional water to main.tain wa- tions have been very low and do not exceed drinking
ter quality, water standards.

The New Metones Conjunctive Use Program will help im, ¯ Sodium is rarely a problem in Delta export water, ex-
prove water quality in the south Delta by increasing flows cept to people on very strict low-sodium diets. How-
in the San Joaquin River during dry and critically-dry ever, during low Delta outflows, sodium concentra-
years. Two central valley water agencies have firm water tions may rise to levels of concern to those with
rights to 49,000 A~ of. New Melones water and 106,000 AF moderate sodium restrictions. - ~
of interim water. Cuirent negotiations between these two
agencies and DWR involve release of this water into the¯ Asbestos fiber counts., are often high in Delta water.
San Joaquin River during dry and critically-dry years in ~ However, properly operated water.treatment facili-
return for state cost sharing in building water transfer fa- ties can meet the proposed drinking water standard
cilities to transport the water from New Me!ones Reser- for asbestos.
voir to the two water agencies-during normal and wet

¯ Selenium is barely measurable in Delta export water.years. The increased San Joaquin River flows will dilute The San Joaquin River does contain measurablethe concentration of contaminants in the San Joaquin
River and Delta, thus improving water quality, amounts of selenium, but it does not exceed drinking

water standards. During a sampling study period from
The Interagency Delta Health Aspects Monitoring Program ~ 1984-1987, selenium values never exceeded the
(IDHAMP) was created to obtain water quality informa- drinking water standard of 10 mg/1 at any of the ID-
tion that will help in making decisions about water quality HAMP stations. Of 257 total sampl~es taken at ~8 lo-.

and to assess potential water treatment methods in the cations over the study period, selenium was undetect-
Delta. IDHAMP has been collecting data at 20 locations able at the 1 mg/1 detection limit 199 times. Selenium
in and near the Delta since 1983, The major findings and was never observed to exceed 3 mg/L

conclusions listed below are extracted from IDHAMP’s
report The Delta as a Source of Drinking Water: Summary of

In 1987, an Agriculture Drainage Investigation was added
to IDHAMP to determine the influence of agriculture

Monitoring Results 1983 to 1987, January, 1989.             drainage on Delta water quality. The preliminary results

Studies have sho~n,that the Delta is an acceptable    of the investigation indicate that THMFP cor~centrations
water source. Once treated, Delta water meets all are influenced by soil type, crop production and crop type,
current water quality standards, soilleaching practices, and flow volume in the Delta chan-

nels. An enlarged monitoring program was recom-
¯ Proposed drinking water standards for THMs and dis- mended as necessary to characterize the variability of

infection by~-products may necessitate modificationsTHMFp and flows of Delta agricultural drainage.
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Additional future studies recommended by IDHAMP in- Assembly Bill 955 (AB 955) instructed DWR to coordinate
with Reclamation to develop emergency plans to quicklyclude:
resume exports by the SWP, CVP, EBMUD, and Contra

sources of THMFP and bromides in the San Joaquin     Costa Water District in the event of a levee failure in the

River and the San Joaquin River influences on waterDelta. The emergency plans--which are outlined in a De.

quality in the Delta; cember 1986 DWR report, Sacramento-San YoaquinDelta
. . Emergency Water Plan: Report to the Legislature--prescribe

¯ algal production as a potential source of organicvarious procedures that, if enacted, would maintain ade-
THMFP in the Delta, Suisun Marsh, and SWP; quate Delta water quality and resume export operations.

¯ relationship between THMFPs present at the BanksRecreation. Along with population, water-oriented rec-

Pumping Plant and in the water delivered to South-reation in the Delta has increased to some 12 million visi-

ern California; and tot-days in 1980 and is expected to reach almost 14 million
in 2010. This will iiacrease fishing and boating pressure..

¯ effects of proposed water facilities and operational The NDP will provide both land and opportunity for ins
changes of existing water facilities on water quality in creased recreatibn and access.

the Delta. Fish and Wildlife. During the past century, the estuary has

The California Urban Water Agencies (CLrWA) recently undergone some dramatic changes. Land reclamation,

financed a study to determine changes in operation of thedredging, water development projects, introduction of

existing water facilities or construction of new facilities new species, water pollution, and excessive fishing have

that will allow the Delta to remain as a viable future caused some resources to decline. Many of the commer-

source of drinking water. The study, reported in Delta cial fisheries began to diminish before the turn of the cen-

Drinking Water Quality Study, May, 1989, by Brown and tury. Since 1970, a portion of the Interagency Ecological

Caldwell Consulting Engineers, outlines current waterStudies Program’s work in San Francisco Bay-Delta has

quality in the Delta with the present water facilities, andbeen to distinguish the impacts of State and federal water

the possible water quality improvements if other pre-projects from the impacts of other natural and cultural

viously and currently considered water resources facilitiesfactors, such as flood and drought, pollutants, and intro-

are implemented. This study shows that these Delta faci-duced species.

lities could improve water quality in the Delta. Higher Introduced species fall into two categories--intentional
quality Delta water would reduce the cost and complexityand accidental. Many species were introduced in the late
of treating drinking water to meet standards and increase1800s and early 1900s to provlde fish that would be recog-
the possibility that treatment plants could reliably removenized by recent immigrants’. Striped bass, carp, goldfish,
contaminants from the water, catfish, sunfish, largemouth bass, and American shad

were brought into California. In many cases, these fish
In anticipation of EP, a/s probable further restrictions ondisplaced native species and are now accepted by most
drinking water quality standards, MWD initiated a two,- Californians. Project operations are often modified to
year study of three water treatment processes: 1) granularprotect them, particularly striped bass and American
activated carbon (GAC), 2) ozone, and 3) peroxone,shad. Current Department of Fish and Game (DFG) pol-
which is a combination of ozone and hydrogen peroxide,icy is to severely restrict the introduction of further new
Preliminary results indicate that peroxone provides thespecies into California. Still, accidental introductions of
best results in reducing THM levels (below 2 or 3 parts per other various organisms are continuing in the estuary,
billion). Demonstration-scale tests of both ozone andpossibly affecting the estuary’s ability to provide suitable
peroxone, the two best and least-costly processes, shouldhabitat for game fish.
be conducted by MWD in 1991.

Recently, large numbers of a small clam, a small fish
DWR is upgrading its Delta water quality modeling to in- called the chameleon goby, and two small fish food organ-
clude simulation of the dynamics of TDS loading by Deltaisms called copepods havebeen found in a portion of the
agriculture drainage returns. This effort will enable upper estuary that has long been the nursery grounds for
DWR to improve its evaluation of salinity patterns in the young striped bass. These new arrivals apparently came
interior Delta, particularly the south Delta. from the Orient by way of ballast water pumped from
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ships into the San Francisco Bay-Delta. The food chain ofReverse flows, which can occur un.der controlled flow sit-
striped bass and other fish can be disrupted by competi-uations, also contribute to the fishery decline. Reverse
tion from the clam and the goby. ~The native copepod spe-flows consist of export water flowing down the Sacramen-
cies, which has been the preferred food for ~recentlyto River to the vicinity of Sherman Island and then up-
hatched larval bass, may be displaced by the introducedstream (hence the term reverse flow) in the San Joaquin
copepod..The appearance of these new organisms maybeRiver to State and federal pumps. This route results in
one of a number of reasons why fewer.young striped bassmany young salmon and bass being either directly drawn
are produced now than during the 1960s and early 1970s.into the pumps or disoriented from their historical migra-

tion paths.

The plant and animal community in the San Francisco
Bay-Delta is constan~tly changing. Natural resource andSome reports have concluded that changes in fresh water

regula, tory agencies must be made aware of these changesoutflow cause significant biological changes in estuaries of

when they try to assess project impacts and define reason-all types. Changes result, in most cases, from responses by

able levels of protection.. If these introductions have organisms to physical conditions such as altered circula-

caused changes in basic system productivity, it may be im-tion patterns, increased salinities, and reduced nutrient

possible to determine histdric population levels, input. The ecological significance of these changes is not
completely defined in most systems. In some cases, the

In May 1989, the California Fish and Game Commissionsame flow change favors some organisms and affects oth-

listed the winter-run Chinook salmon as endangered,ers adversely. BioIogical responses to flow are difficult to

document because the cause-and~effect relationship be-based in part on estimates by DFG that-the population of
tween flows and organism abundances generally operatesthe run was under 600, down from what had appeared to

be a stable 2,000. Under State law, after the Commission
through a chain of events rhther than direct effects of flow

determines the basis for listing a species; it must adopt a .alterations on abundance.

regulation to that effect. ’ Historical biological resources in the Delta were quite dif,

ferent from the existing resources. Upstream dredging
The National Marine Fisheries Service (NMFS) -listedand hydraulic mining in the 19th century deposited large
their winter run as threatened under an emergency listingamounts of sediment and debris throughout the Delta,
in August 1989. burying biological communities and changing hydrologic

and hydraulic characteristics.
The basic provisions of both sets of regulations prohibit
"takings" of listed species and require an agency involvedAgricultural. devel.opment in the late 1800s and early
in activities that could jeopardize the listed species to con-1900s resulted in major habitat modifications. As early as

sult with the appropriate fishery agency. Taking ~is defined1920, nearly all the Delta marshlands had been diked and
very broadly. VioIations can lead to civil and criminal ac-converted to farmland. Less than I0 percent of ~he origi-
tions. DWR will be w~rking closely with DFG and NMFS nal bay marshlands remain. Physical, chemical, and bio-
to determ!ne exactly how the listings will affdct DWR and logical processes were changed dramatically.
Reclamation Board activities and programs.

Historically, natural levees formed along the edges of

An extensive hearing procedure aimed at developing newmany of the Delta’s tule islands and supported woody fi-

water quality objectives for the San Francisco Bay-Deltaparian vegetation. Historical navigation charts show tall

estuary and the means to achieve them began in July 1987.trees and shrubs along the banks of major Delta channels.

During phase one of the hearings, considerable disagree-Presumably, mos~ of the Delta’s woody riparian vegeta-
ment arose over the impact of water development on the

ti0n was eliminated many years ago t0provide water-
health of San Francisco Bay-Delta fisheries. Declining

front-access farmland, and wood for fuel and construc-
striped bass populations also received considerable atten-

tion. Maintenance of present-day levee banks prevents
tion. the growth of most large trees and shrubs.

Salmon populations have been relatively stable. HatcheryWitdlife habitat or cover types in the north Delta are agri-
production has increased, and thus is compensating forcultural, forest, riparian forest, riparian scrub, emergent
the decline in natural production, fresh water marsh, and heavily shaded rivefine aquatiC.
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: The California Natural Diversity Data Base has assignedbasin, unaltered by upstream diversions, storage and ex-
both the riparian forest and fresh water marsh its highestports, or imports, but assuming existing channelization.

!.     priority because of its almost complete destruction in the
Delta outflow in an average year is the sum of:Central Valley.

Rare, threatened, and endangered plant and animal spe?
¯ 5 MAF required tO meet Decision 1485 requirements

and to protect water quality at project export pumps,
cies that may be found in the project area are discussed in and
Chapter 5.

¯ 8 MAF of unregulated Delta outflow in excess of
The NDP will: minimum requirements.

¯ ’ The 15 MAF-per-year reduction in unimpaired runoff in-
¯ provide for wetlands as stated above.under "Recla-ciudes:

marion"; ’
¯ ’ - ¯ 1.6 MAF of local Delta use.

¯ ~ create improv.ed striped bass habitat through reduc-
tion, of reverse flow; ’ ¯ 5.9 MAF of combined SWP and CVP water exported

: directly from the Delta for use both inside and out-
¯ provide for mitigation in connection with negoti- Side’the Central Valley.

ations for a Delta fish protective agreement; and
¯ 7.5 MAF of upstream uses, including exports from

¯ provide additional shoreline and liabitat, the Central Valley via the Hetch Hetchy Aqueduct,
¯ . ". Mokelumne River Aqueduct, Friant-Kern Canal,

Delta Hydrology. Natural features of the San Francisco and other local projects.
Bay-Delta estuary affecting the environment are ocean
tides and salinities, inflows of fresh water, and interiorThe first phase Of the NDP will add about 100 TAF to the

Delta flow patterns. Ocean salinity.intrusion varies with SWP in the nea) future.
fresh water inflow rates. Tidal fluctuations occm; in regu-
lar cycles throughout the year. Natural tributary inflow to Bay Hydrology and Circulation. San Francisco Bay is often

the Delta is controlled by the climate -and varies greatly
referred to as an "urbanized estuary" because of its prox-
imity to such a large population center. Water circulationfrom season to season and from year to year.B efore major

upstream regulation, low dry-seaSon inflow often allowedin San Francisco Bay is of major importance for many hu-

ocean salt water to intrude far into the estuary. In 1924,man uses of San Francisco Bay. Water movements dis-

1926, 1931, 1934, and 1939, chloride concent.rations inpetse and eventually remove unwanted materials from
the system.nearly alI Delta channels exceeded 1,000 milligrams per

liter (mg/l!. Bay circulation is driven by three main factors: tides, es-
tuarine circulations and wind-induced mixing. Most water

Control and development of Central Valley streams to re-motion in San Francisco Bay is the result of tides. Filling
claim land and to produce the power and water .needed forand diking along San Francisco Bay over the years have
California’s farms, homes, and industries have altered thechanged the tidal range, which in. turn has affected tidal
seasonal pattern of river flows and reduced the amount offlushing of San Francisco Bay. The average volume of
water reaching the ocean by way of the Delta. Wet-seasonwater passing the Golden Gate during a single flood or
flows are reduced principally by storage in Upstream res- ebb tide is about 1.1 MAF, which is about 20 percent of San
ervoirs and by exporting Delta inflows. Dry season flows Francisco Bay’s total volume.

~.: are reduced by upstream uses,~ but releases from project
reservoirs maintain Delta outflows at or above minimumEstuarine circulation created by fresh water inflow from
protective levels specified by the State Water Resourcesthe Sacramento River system is also being studied as a fac-
Control Board (SWRCB). In the Central Valley, local tor affecting net transport into and out of San Francisco

~ water uses and exports for use elsewhere ha~e reducedBay. Estuarine circulation is driven by the difference in
the unimpaired runoff from a 57-year historical annualdensity between fresh water and salt water, which is re-
average of 28 MAF to an annual Delta outflow of 13 MAF lated to Delta outflow. The importance of estuarine circu-
per year, a reduction of 15 MAF per year; Unimpaired lation, and its association with the effect of winter storms
runoff represents the’natural water production of a river on salinity distribution in the southern reaches of San
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Francisco Bay, is being investigated in connection withthan now, and winter and spring pulse flows that are¯ com-
flushing the South Bay and controlling long-term buildupmon today were probably rare under natural conditions.
of toxic materials. Fresh water inflow to San Francisco Bay
also provides large amounts of suspended sediments andThe timing of previous flow conditions can affect the type

nutrients, which contribute to San Francisco Bay’s eco-and magnitude of biological responses to outflow-related

logical balance. The NDP will have minor effects on in- effects. These considerations make it difficult to establish

flow and inflow surges to the Bay. statistically sound and predictable cause and effect rela-
tionships between outflow and biological parameters.

Information presented by the State Water Contractors atOther Factors. Many factors contribute to changes in the
San Francisco Bay-Delta Hearing suggests new and rift- San Francisco Bay-Delta estuary system. Some of these
ferent evaluations of fresh water inflow to San Francisco will continue to affect the estuary, with or without the
Bay under natural conditions. The new factors consideredNDP. Others will be cumulatively impacted by incre-
in the evaluation of inflow have been popularly referredmental changes caused by the program. Some incre-
to as the "Tule Theory." mental changes may be beneficial, such as reduced re-

verse flows in the lower San Joaquin River with
The Tule Theory. Before the Central Valley was devel- implementation of the NDP. Past, present, and future fac-
oped, the valley trough functioned as a holding basin, fill-tors which have impacted, or will impact, the estuary in-
ing and draining every year. Tule marshes choked theseclude:
natural reservoirs, and riparian forests lined the stream
channels along the valley floor. This natural vegetation̄ land reclamation;

took advantage of the plentiful supply of water, using far̄ sediment load from early hydraulic gold mining ac-
more than the irrigated crops that replaced them. tivities;    ..

¯ waste water effluent and surface runoff from localWith development of the Central Valley following the
Gold Rush, the natural floodbasins were drained, the tule

and upstream urban development;

marshes and riparian forests were replaced by irrigated̄ oil spills;
crops, and the upslope forests were harvested. The origi-̄

drainage and leaching water discharge from Deltahal sluggish, quasi-lakelike environment in the Central and upstream agricultural water use;Valley was transformed into the highly channelized sys-
tem, with very short hydraulic residence times and high̄ commercial, sport, and illegal fishing;
velocities, that we know today. The principal result of up-
stream development has been: 1) replacement of the nat-̄ construction and maintenance of deep water shipping

ural valley holding basins with man-made upstream stor- channels;

age reservoirs, and 2) replacement of the evaporativē useofnaturalinflowsbyagriculturalandurbandevel-
water losses by natural vegetation with consumptive use opment;
by crops and humans.

¯ changes in amount and variation of outflow;~

According to the "Tule Theory," fresh water inflow to San ¯ upstream storage andregulation of natural inflows by
Francisco Bay from the Delta is presently about the same, the CVP, SWP, Hetch Hetchy Aqueduct Project,
on an annual basis, as it was under natural conditions. Mokelumne Aqueduct Project, and l~cal projects;
Drainage, reclamation, flood control, and water develop-̄ Delta diversions by the CVP, SWP, local municipal
merit in the Central Valley have not significantly affected and industrial water users, and Delta agricultural
the quantity of fresh water reaching San Francisco Bay. water users;
Early development in the Valley increased outflows while
subsequent development reduced them to about their in-̄ levee failures in the Delta; and
itial level. Evaporative water losses from the original̄

some positive beneficial effects due to improved envi-
marshes and riparian forests in the Central Valley ex- ronmental factors.ceeded present in-basin use and exports by about 110 per-
cent. The monthly distribution of flow into San Francisco The NDP will add cumulatively to the regulation of Delta
Bay was much more uniform under natural conditionsexports and outflows. The program will have an unknown
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effect on San Francisco Bay, but will add cumulatively to¯ Middle River tide gate structure near Highway 4;
the environmental stress caused by other factors. Other
moderating unknown effects are filling and reclamation.¯ Old River tide gate structure near Delta-Mendota

Canal intake;

SWP Planning ¯ Grant Line Canal tide gate structure near project fa-
and Related Projects cilities;

¯ Tom Paine Slough siphons;
DWR planning programs for the Delta and related pro-

jects are discussed in this section. ¯ consideration of tide fl0w structures; and

¯ need to dredge certain channels.
South Delta Water Management Program

The South Delta Water Management Program (SDWMP) 2. Clifton Court modifications include:
represents parallel planning and environmental docu-̄ a new intake to Clifton Court Forebay;
mentation to improve existing conditions in the southern
Delta. This planning and environmental documentation̄ an enlarged Clifton Court Forebay with a new gate at
process is not intended to alter responsibilities under the the north end; and
South Delta Agreement. The program includes a public
review of problems, alternative solutions, impacts, and̄ possible construction of levee setbacks.

mitigation to provide information for selecting corrective
action. This process will help bring to light the many inter-3. Related Project modifications include:
ests and concerns related to water resources planning in
the south Delta. The program will also include an investi-̄ connection of CVP with Clifton Court Forebay;
gation of the cumulative effects of any corrective action ¯ relocation .of Contra Costa Canal intake to Cliftonwhen coupled with other facilities both statewide and in
the Delta.                                                  Court Forebay;

¯ entering into a conjunctive use program with local in-
Multiple objectives will be considered to meet the broad terests for New Melones releases into the south Del-
range of water management issues surrounding the Delta. ta; and
The particular objectives of the South Delta Agreement
and, in turn, the SDWMP are to improve and maintain̄ modification of CVP and SWP operations.
water levels, circulation patterns, and quality. EvaluationThe alternatives described would help achieve the broad
of multipurpose alternatives to meet those objectives willobjectives of the SDWMP in various ways.
also take into account broader activities of Reclamation
and DWR, which are to upgrade the reliability of water Fishery benefits may be provided through a conjunctive
supplies; increase the efficiency of SWP and CVP opera-use program with New Melones, which would provide ad-
tions; and enhance navigation, fishery qonditions, floodditional flow down the San Joaquin River during periods
control, and recreational opportunities, critical to fish. Fishery benefits might also be realized

through a winter banking program with use of storage
Alternatives for achieving the water management goals insouth of the Delta. This could shift some pumping opera-
the south Delta include various elements from withintions from spring and summer (periods critical to fish) to
three major projectcomponents: 1) direct water level andwinter (when fish are less abundant). Another possible
circulation, 2) Clifton Court Forebay modifications, andfishery benefit will result if flow patterns are altered to
3) related project modifications, including changes in op-maintain more flow in the San Joaquin River to improve
eration. The selected projects may include a combinationspring and fall salmon migration.
of elements from within the three project components
that follow: ~Proposed channel improvements could provide opportu-

nities for development of additional recreation. Dredging
1. Direct water level and circulation improvements in- would make accessible some scenic stretches of channels,
clude: such as Old River near Salmon Slough.
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The proposed channel dredging would improve naviga- present farming practices. The Farm Securities Act of
tion by increasing water depth. Interconnect!on of the 1987; administered by the U,S: Soil Conservation
CVP with Clifton Court Forebay, along with operational Service, mandates that soil conserving management

~ modifications, could also improve navigation in south practices must be developed to minimize soil erosion
i~ Delta channels during low tides, and loss.

. West Delta Water Management Program ¯ providing cost-sharing opportunities for special
Delta flood control projects identified in Senate Bill

The West Delta Water Management Program (WDWMP) 34;
is centered on four majorissues: flood control, water quaI-̄ emphasizing development of wetland and riparian

: ity, wildlife concerns, and water supply reliability. The ira- habitat. Senate Concurrent Resolution 28 empha-
portance of these issues to the west Delta, and to the sizes the importance of wetland habitat incalifornia
Delta as a whole, has necessitated a broadened Scope of ~ and mandates that DFG increase wetland habitat in
planning, including development of a wildlife manage- the State;
ment plan for Sherman Island.

¯ " managing consumptive water use, while effectively
Because of its location, the 10,000-acre Sherman Island is providing habitat for wildlife;
important in: 1) protecting the reliability and quality of the
Delta water supply, 2) providing wildlife habitat, and 3)̄ providing for flexibility in acquisition of lands or land

protecting highways and utilities. The island is the focus of use easements;

the WDWMP. Its objectives are to: ¯ providing flexibility in land use management options;

¯ improve levees for flood control; ¯ providing an Opportunity to incorporate habitat.miti-
gation for SWP and CVP water management pro-¯ protect Delta water quality; grams; and

¯ implement the wildlife plan, which will includeacqui- ¯ minimizing costs by using existing island water distri-
sition of island properties for development of diverse bution systems..
waterfowl and wildlife habitats;

The WDWMP is still in the implementation stage. Many
¯ meet water supply and water quality needs of Sher- factors are being considered to provide benofits and as

man Island; much flexibility as possible. These include phased pian-
o provide habitat for waterfowl and wildlife; ning, land acquisition, cost sharing, nonproject levee re-

habilitation, and mitigation banking..A necessary part of
¯ minimize oxidation and subsidence; ~ any program in the west Delta will be rehabilitation of the

¯ protect the reliability of SWP and CVP; nonproject levees. ¯

¯ identify potential wildlife habitat mitigation opportu- A phased planning approach can provide flexibility. De-
nities for present and future water development pro- velopment of wildlife and wetland habitat can be accom-
jects; plished progressively, and any of the alternatives dis-

cussed could be the starting point, possibly culminating in
¯ protect highways and utilities; and a full or partial wetland development plan. Phased plan-
¯ provide additional recreational opportunities, ning also provides for a minimum acquisition plan, which

initially would involve only a portion of the island. This
Alternatives for the WDWMP have been designed to al- concept allows a project to be initiated at the lowest possi-
low a phased approach and flexibility in implementatiomble cost.
Phasing provides for lower initial costs and an opportunity
to modify future phases based on information gained dur-Land acquisition options include direct purchase or some
ing initial phases. The process is being guided by the obj ec-type of purchased easement that will ensure land manage-
tires discussed above, plus other considerations such as:ment practices that benefit wildlife. Easements of this

type have been successfully negotiated for similar wildlife
¯ maintaining the integrity of the island by reducing themanagement projects in California. In any case, acquisi-

rate of land subsidence, which is largely caused bytion of parcels will involve negotiations with the landown-
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ers. Selection of acquisition options will depend on land2to establish and enforce water quality objectives that as-
owners’ needs and the type of alternative selected forsure reasonable protection of beneficial uses of Delta
implementation. " water, as well as protection for San Francisco Bay. The

ruling also ordered SWRCB to consider the effects of all
To protec~ any water management program investmentupstream water uses, not just those of the SWP and CVP
for Sherman Island, nonproject levees on the island must(ruling issued May 28, 1986, by presiding Judge John Ran-
be rehabilitated. This investment would also protect Statecanelli).
Highway 160, utilities, Delta water quality, and reliability
of project water supplies. In July 1987, SWRCB opened Phase I of San Francisco

Bay-Delta hearings to gather evidence on the beneficial
The degree to which these levees would be improved isuses of Bay-Delta water. After 54 days of testimony, cross
not yet established. However, standards will be consistentexamination, and rebuttal on 14 subjects, Phase I con-
"with implementation of Senate Bill 34, a program of leveeeluded in late December 1987.
protection recently signed into law by the Governor. Re-
habilitation of these levees will be common to all pro-A work plan guided the hearing process during the last
posed water management program alternatives and willcouple of years. However, after SWRCB concluded Phase
have high priority. I and released its draft water quality and pollutant policy

documents, it became clear that some provisions of the
To provide an opportunity to incorPorate habitat mitiga-overall work plan needed revising. SWRCB requested
tion for SWP and CVP projects, including SDWMP and staff to remove consideration of flow-only objectives from
NDP, a mitigation banking concept may be applied to anythe water .quality control phase (old Phase II) and defer
of the wildlife management alternatives. In a mitigationthis consideration to the water rights decision phase (Old
banking plan, portions of Sherman Island would be devel-phase III). It also asked staff to allow for greater develop-
oped asneeded to mitigate habitat impacts from futurement of implementation alternatives to water rights regu-
water development projects. This would allow "in-kind" lation. SWRCB indicated that the work plan should set
mitigation for project impacts, forth an open and thorough process for the water quality

control phase.
The value of habitats established on the island as mitiga-
tion would depend on the type of.habitat developed. Ob-Initial drafts of the revised work plan include many oppor-
jectives can be established to achieve maximum benefitstunities for input from the hearing participants on the
for wildlife. The mitigation bank would develop in an or-work plan, the revised water quality control plan, the pol-
derly fashion, with habitat types developed adjacent tolutant policy document, and on other nonregulatory
each other-rather than at random throughout the island,methods of protecting beneficial uses in the San Francisco
As with any of the alternatives, areas with common irriga- Bay and Sacramento-San Joaquin Delta. With regard to
tion and drainage systems would be developed simultane-the nonregulatory measures, the draft work plan allows
ously to avoid duplication of construction efforts, for a scoping hearing on physical facilities, negotiated set-

tlements, legislative action, and other agencies’ responsi-
Coordination With D-1485 Rehearings bilities before the water rights phase begins. The draft

work plan also specifically allows for input from technical
Decision 1485 focused solely on the water rights and op-workshops and DWR water planning efforts.
erations of the two largest water projects, the SWP and
the CVP (decision issued April 13, 1984, by SuperiorThe first series of technical workshops deals with opera-
Court Judge Richard Figone): Reclamation and DWRtion studies to analyze the impacts of the draft plan on the
were required to maintain Delta water quality according availability, allocation, and use of Central Valley water
to standards based on "without project" conditions, as ffsupplies. The second series of workshops deals with sup-
the projects had never been built, ply, demand, and water conservation evaluations. Urban

and agricultural issues are considered in separate work-
Lawsuits by various water users and the federal govern- shops, as are a Delta agricultural workshop and a public
ment challenged Decision 1485, which was overturned intrust workshop.
1984. However, the standards remained in force until a
decision was issued by the Court of Appeal. In 1986, theRecently, the Metropolitan Water District of Southern
appellate court broadly interpreted SWRCB’s authorityCalifornia (MWD) and other major urban water users
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around the State requested and were granted a workshoppublic, and public comment is permitted during the pro-
series on trihalomethanes (THMs)and other constituentsgresS of the negotiations. This negotiating format has
found in Delta drinking water supplies, been most helpful in allowing an interchange of ideas dur-

ing the negotiating process.
This open process should provide an improved plan but
will take longer. Tentatively, SWRCB will adopt the water The USFWS, DFG, and SWRCB have been represented
quality control plan in June or July 1990, and the hearingat the negotiating sessions and have made significant con-
on water rights willbegin after extensive scoping hearings,tributions. State and federal water contractors and vari-
which have not yet been specifically scheduled, ous fishery and environmental groups have also been rep-

resented and have provided useful input.
Coordinated Operation Agreement The negotiators recognize the need for complianc.e with

The essence of the Coordinated Operation AgreementState and federal laws requiring environmental documen-

(COA) is the sharing formula, which provides a CVP/ tation. DWR and Reclamation initiated the EIR/EIS pro-
cess in August and September 1989 by issuing a Notice ofSWP proportionate split of.75/25 responsibility for meet-

ing in-basin use from stored water releases, and a 55/45Preparation and Notice of Intent, respectively. Five scop-

responsibility for the capture and export of excess flow.ing sessions were held in September 1989. Comments on

Both parties also agree to meet a specified set of Deltathe scope of the EIR/EIS were received and will be pres-

water quality standards (Exhibit A of the May 20, 1985, ented in a Scoping Report (now in preparation). A draft

Agreement) from SWRCB Decision 1485. Exhibit A start- EIR/EIS is tentatively scheduled for release in late 1990.

dards are a set of water quality standards and export andThe negotiators are concerned about the best method of
flow restrictions that define the Delta portion of in-basin meeting the requirements of federat reclamation law.
use requirements. The three following alternatives have been identified as

workable:These standards provide more .environmental protection
i than the Reclamation’s present water quality require-̄ Devote th~ water to municipal and industrial uses
~ ments, known as "Tracy Standards," by adding about 100 which are not subject to the acreage limitations
~ new protective criteria at 15 additional Delta locations.
~ This agreement also requires a commitment of about 2.3̄ Use the agricultural commingling provisions of fed-

MAF from both projects during a critical water supply pc- eral law and meet the reporting requirements of fed-

;= riod to meet Delta outflow and quality protective needs, eral law on sufficient land to match the total quantity
of CVP water taken for SWP use. Studies by the Kern

Careful evaluation of all comments received on the Draft County Water "Agency (KCWA) indicate that suffi-
EIR/EIS revealed that no significant impacts would be cient acreage lies within the SWP service area to meet
caused by implementation of the COA; therefore, no the requirements to cover the amount of CVP water
mitigation was recommended. Also, many of the corn- the SWP is likely to purchase.
menting agencies and individuals favored implementation̄ Devote the CVP water purchased to Delta outflow,
of the COA. which would also be a purpose exempt from the fed-

eral acreage limitations.The project has the potential to increase Delta inflow and
export, and decrease Delta outflow. However, fish All three methods appear viable, and DWR willbe able to
screening losses can potentially increase. The COA re-show Congress and the public that any one of them could
quires Delta protection, and there are possible mitigationbe used. However, the DWR negotiators and the SWP
alternatives. Contractors strongly favor the Delta Outflow approach.

Recently, the Reclamation negotiators have indicated
The agreement was signed November 24, 1986, and is be-their willingness to accept this approach, and DWR is cur-
ing implemented as required, rently drafting a proposed contract based on the outflow

approach.
Wheeling-Purchase Negotiations Under Section 10 (h) of the ~
Coordinated Operation Agreement. Current negotiations The negoti.ato.rs, are not entirely in agreement on a sched-
commenced in June 1987 and negotiators have met ap-ule, but still hope to have a draft contract proposal for
proximately 25 times. The negotiations are conducted inconsideration in 1990. It is the position of the DWR nego-
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tiators that environmental documentation of this pro-The additional pumping units will allow more pumping to
posal proceed, but not be presented to Congress untilbe shifted to off-peak hours, when energy costs are lower.
Reclamation receives approval from SWRCB to divertThis will provide cost savings to SWP water contractors, as
from Clifton Court Forebay. The Board is currently well as possibly delay the need to buy additional power or
scheduling this as part of the water rights decision phaseto construct additional power generating facilities.
of its Delta hearings, which are now several years away.

Before the Notice of Determination could be signed, en-

H.O. Banks Delta Pumping Plant, vironmental concerns regarding the additional units at

Additional Units Banks Plant had to be addressed. A fishery agreement be-
tween DWR and DFG, signed on December 30, 1987, al-
lowed work to continue on the final four units. The agree-

The H.O. Banks Delta Pumping Plant was built to accom- ment spells out the steps needed to offset adverse fishery
modate 11 units, but only 7 were initially installed. On De-impacts by SWP Operations.
cember 30, 1987, a Notice of Determination was signed,
and the installation schedule for the four additional unitsH.O. Banks Delta Pumping Plant,

shifted from the planning phase to the design and con-Fish Agreement
strnction phase. The new units, each with a design capac-
ity of 1,067 cfs, are scheduled to be operational in 1991.DWR and the DFG signed an agreement in December

1986 to mitigate direct fish losses at the Banks Pumping

Completion of the Banks Pumping Plant will increasePlant complex. The agreement provides for DWR to

SWP delivery reliability and efficiency by increasing make funding available for projects which will help to in-

standby capacity for the existing units and by permitting acrease the survival of Chinook salmon, steelhead, and
larger share of the pumping to be done with off-peakstriped bass. The agreement requires two types of pay-

power. The new units will also allow a small amount of ad- ment by DWR: 1) $15 million to initiate a program to

ditional pumping to be shifted to the winter months. Thequickly replenish fish populations depleted by SWP

additional units will only slightly change export, outflow,pumping and 2) annual payments based on the calculated

water quality, and fish and wildlife effects. The NDP will numbers of fish lost at the complex.

add about 100 TAF to the-cumulative effects of this proj- DFG has estimated DWR mitigation responsibility for 1)ect. about 544,000 striped bass, 631,000 Chinook salmon, and
22,000 steelhead in 1986; 2) 684,000 striped bass, 492,000The last four units of the Banks Pumping Plant will in-
Chinook salmon, and 12,000 steelhead in 1987; and 3)crease the total capacity of the pumping plant to 10,300850,000 striped bass, 1,610,000 Chinook salmon, and

cfs, bringing the California Aqueduct up to its full design16,000 steelhead in 1988. All these figures are prelimi-
capacity between the Banks Pumping Plant and Bethanynary, and DWR has not agreed to any numbers until moreReservoir. To protect the navigable capacity of the Delta is learned of predation in Clifton Court Forebay.
waterways near the pumps, DWR limits diversions into
Clifton Court Forebay to historical levels (Public Notice DWR’s goal is to produce enough fish to replace those lost
5802A, amended October 1981). As long as the SWP fol-at the Banks Pumping Plant complex. Replacing the lost
lows the operational criteria published in Public Noticefish with hatchery fish would cost DWR about $1.4 million
5802A, no Corps permit is needed. However, ff diversionsper year for 1986, 1987, and 1988. Other ways of replacing
into Clifton Court Forebay are to be increased beyond his-the fish--through development of spawning grounds or
torical rates, a Corps permit will be required (under Sec- other environmental improvements--might cost less, de-
tion 10 of the River and Harbor Act of 1899). pending on the number of fish produced.

Instailation of the additional units will also increase theReplacement Purchases. Payments for 1986 losses are being
reliability of SWP Water supply deliveries. Under the used in part to purchase yearling striped bass from private
Corps constraints, the additional pumps could increaseaquaculture firms. However, obtaining enough fish has
firm deliveries during critical water supply periods byproved difficult. Although aquaculture firms contracted
about 60 TAF annually. This water, pumped during high-in 1987 to supply about 550,000 yearlings for planting in
flow winter months, will partially offset the frequency and 1988, the actual supply was only about 345,000. Currently,
severity of projected shortages, eight aquaculture firms are licensed to rear striped bass,
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and they have experienced problems during the sensitivē Sacramento River spawning gra~,el improvements,
spawning and early-life stages of the fish. ¯ Glenn-Colusa fish screen asSistance,
SMnnerFish Facility. To provide anothe# source of yearling -¯ flow augmentation on rivers tributary to the Sacra-
striped bass, DWR and DFG are operating a newly con- mento River,
structed fish rearing facility On the grounds of the Skinner
Fish Facility. Fish salvaged at the facility, screens werē flow augmentation on rivers tributary to the San Joa-
reared in tanks for release in spring !989..About 117,000 quin River, and
fishfromthisprojectwereplantedinSanPabloBayatRo-̄ construction of a permanent Old River barrier: "
deo and in the Sacramento River at Rio Vista.

Testing. The 1989 San Joaquin River salmon tests involved
It appears that striped bass from the salvage operation canthe .coordination of s. everal upstream water operators to
be grown successfully at the Skinner Fish Facility, butconcentrate fish mitigation releases fromvarioustributar-
some modifications in plumbing and water supply wereies, in one week, to woduce flows of 2,000 to 2,500 cfs
needed to ensure fish survival during hot weather. After timed to arrive at Vernalis together. (DWR and Reclama-
the fish rearing facility has operated for two years, DWR tion will reduce expo,r, ts or increase upstream releases .to
will determine whether the State should continue to oper-equal, this inflow.) Tagged salmon rel.eased from several
ate growout ponds in the Delta or other locations, orlocations will be counted again in early 1992 to define the
whether private growers should assume this task. benefits that can be attained by constructing a barrier or

installing a fish diversion on Old River at the confluence
Strcambed Improvements. Gravel was piaced in Mill Creek of the San Joaquin River.
(Upper Sacramento River) in time for the 1988 spawning
season of fall Chinook salmon. Although it is diffiCUlt to Temperature testing in the north Deltawill involve re-
quantify the benefits of such projects, Chinook salmonleasing three .batches o.f salmon from valious 10.cati0ns on
were observed s.pawning in the improved riffles, the Sacramento River between Sacramento and Ryde at

water temperatures 0f about 60, 65, and 70 degrees Fahr-
Hatchery Improvements. Approximately $850,000 hasbeen enheit. The objective of these tests is to determine
allocated to improving DFG’s Merced River Fish Facility. whether waier temperature is more important to fish sur-
The rebuilt facility will produce more Chinook salmon rival than river flows.
that are in better condition than those produced by the
present operation. DWR will receivean annual credit ofArticle VII Negotiations. On execution of the Ba.nks Pump-
about 40,000 yearling Chinook salmon (at the Delta) as aingPlant Fish Agreementi the parties began discussions,
result of this project, as stated in Artic!e.VII, of developing methodst0 offset

the adverse fishery impacts of SWP that are not covered
Fish Screen. DWR and DFG have approved an expendi-bythe agreement. Included are facilities needed to Offset
ture of about $40,000 to install a screen on an existingfishery impacts and more efficient conveyance of water.
small diversion in Suisun Marsh. The screen will benefit
both Chinook salmon and striped bass, as well.as otherDWR and DFG are continuing to examine and evaluate
fish in marsh channels. The installation will also helppotential striped bass and Chinook salmon projects as
evaluate the potential of screening the hundreds of simi-they are developed. An advisory committee representing
lar small diversions scattered throughout the Delta. fishery, environmental, and water user interests has been

established to ass!st in evaluating and selecting projects.
Steelhead. DFG, under contract to the DWR, will allocate The agencies are also evaluating the factors used to calcu-
part of the production capacity of their Mokeiumne River late mitigation losses and Will make adjustmentsas
Hatchery to about 30,000 yearling steelhead. Becauseneeded.
steelhead released into the Mokelumne River return at
extremely low rates, yearlings from this program will beSB 34--Delta Flood Protection Act
released into the American River.

Senate Bill 34, enacted in 1988, creates the Delta Flood
Ne~, and Potential Projects. These include: Protection Fund, to be funded from tidelands revenues

currently designated by statute for the California Water
¯ extra striped bass plants, Fund. The Bill authorizes $12 million ayear for appropria-
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tion by the Legislature for a ten-year period of floodpro- .
tection in the Sacramento-San Joaquin Delta. Specifi, Agricultural Levee Standards
cal!y, $6 millioia is-allocated to the Delta Levee Hazard MitlgationPlan
Maintenance Subventions Program, al~d the remaining $6
millionis for special flood control projects for eight west-
ern Delta isIands and the towns of Walnut Grove and
Thornton.

Delta Levee Subvention Program. The goal of this p.rogram,
as revised by Delia Flood Protection Act of 1988, is to re- DWR Bullotin 192-82
habilitate the local Delta levees to the Bulletin 192~82
standard. There is sufficient flexibility in the Delta Flood
Protection Act of 1988 to rehabilitate levees to other fed-
eral or local standards as may meet the needs of the local
agency with jurisdiction over these levees. Some of the
existing or proposed levee standards are shown in Figure
6-1. . ¯ PL-~ Standards

(Propoled by Corps of F.nglneerl)

To avoid delays in the annual disbursement of funds from t~,~,,~, ,,a,, ,,h ~’ 1.~-
the subventi.ons~program, the following provisions of SB
34 are being implemented in three stages:

¯ increase in funding from $2 million to $6 million;

¯ increase in State reimbursement ratio fromS0 per-
cent to 75percent; ~ Figure 6-1. Agricultural Levee Standards

¯ provision for advances; . it is necessary. Mitigation Of wildlife .and fisheries habitat
is to be determined by DFG.

¯ provision for reimbursement or disaster-related wQrk
denied by the Federal Emergency ManagementIn addition to the Flood Protection Fund, the bill author-
Agency (FEMA); izes $5 million for appropriation by the Legislature to

¯ specific review authority by DFG to ensure no net DWR to mitigate specified adverse impacts in the Delta
long-term loss of fisheries, riparian, or wildlife habi- and San Francisco Bay and some other special areas.

tat;
SB 34 has the potential to protect water quality in the Del-

¯ competitive bidding and increased documentation re-ta from Salinity encroachment due to island flooding. It
quirements resulting from passage of SB 1893; will also increase water supply reliabil.ity with no net loss

of fish and wildlife habitat.¯ funding prioritizati0n plan for years in which "appli-
cations for State funding exceed State funds avail-Eight Western Delta Islands - Special Flood Control Project.
able" to ensure funds are apportioned "... amongA report discussing the future implementation of flood
those levees.., most critical and beneficial; consider-
ing die needs of flrod control water quality, ~ecre- control measures for the eight western Delta islands iden-

.... - ¯ tified in the Delta Flood Protection Act of 1988 .is being
ation, and wildlife." (Quotation taken from SB 34). prepared for the California Water Commission: Sched-

uled for release by mid-1990, the report wiil address Such
topics as:

The protection act also provides for other flood control
measures, such as modfficationrof land management prac-̄ comprehensive levee inspections and studies to ~iden-
rices, and provides for. reimbursement to local public tify threatening conditions and levee sections that do
agencies when easements of up to 400 feet wide from the not meet minimum FEMA flood .hazard mitigation
crown of the levees are acquired where DWR determines standards;
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¯ assistance programs to participate in pilot programsavailable to help define the interrelationships between
and doc!lment the feasibility of using dredged mate- the proposal and Delta water quality. Staff plans to assist
rial for levee improvements; . . : by providing modeling studies of pollutant dispersion,

...... funding for additional sampiing, and a literature search of
¯ progra’rnsto ~ssist Bethel Island Municipal Improve- metal stabilit3) in soils. DWR is also exploring the possibil-

ment District an..d Contra Costa County in resolvingity of working with the Regional Board, the Port of Oak-
levee, engroaclgnent~ problems according to localland project coordinator, and Delta reclamation districts
guidelines on, Bethel Island and Hotchkiss Tract;, . ...... . .... ~ , - to implement a pilot program and monitor_water quality

¯ funding of sur~ey’s and monitoring tO document ele-to test the effects of placement of material on Twitchell

vati0ns an:d Subsidence; Island. ’

¯ .. discussions wi,_th DFG and land owners to identify op-DWR recognizes that proposals to use dredged material
must be thoroughly tested to protect Delta water quality.tions..fo_r .acquisition.of easements and wildlife man-
Protecting Delta water quality is e~sential since the Deltaagement, areas that Provide land use options to re-

dnce,~.subsid_e.nce. These discussions will includeis the source of drinking water for 16 million people, and

recreationa~ opportunities; and the estuary is a unique and valuable resource. Protecting
~ ¯ water quality also means protecting islands from flooding.

redorn~gndafions foi "-fast-track" levee ira- As demonstrated in past flood events, water quality ira-¯ speci{).~ "    "
. pr0vdments ~g{ed on a priority of actions applicable pacts can be significant to all Delta beneficial uses. Island
to any O.f_ ,the. eight islands. These recommendationsfloodings can causeshort- and long-term impacts that de-

’wduid b~ Cdhting~nt on environmental requirements,crease the effectiveness of fresh water outflow and ~allow
. salt water to travel farther into the Delta. During past

Program priorities Will be evaluated in connecti0n withflood events, chloride levels reached 440 PPM at the Con-
two categories. One category will be priority of actions.. ..: .... ~ tra Costa Canal intake. SWP exports were also inter-
These .ac,,t.igns,wou!d .be designed to apply to any of the
eight westernDelta islands and include fast’track protec-

rupted and additional salts were exported to State water
......... .~ ~, users, with undetermined consequences. Future flood

tive mea,sur~es. Coor.d~ation efforts are under, way .with protection will be expensive and a program for use of
10cal rep~s~ntativ~i~o identify threatening levee sit.u:dredged materials for levee rehabilitation can greatly re-
ati0ns and levees that do not meet short-term FEMAduce costs.
flodd ha~ard.’rnitig~tion standards, :. , .

Coordination With Delta Legislation
A second category will investigate island priorities. One
promising high-pri0rity program is Sherman Island. Cur-Recently enacted water-related bills that could provide

rent planr~i}i~’ f~r {his island investigates land use optionsmitigation, reduce demands, or otherwise affect the Delta

to reduce subs!den.ce..Reducing subsidence will be a veryare discussed below:

important aspect of special flood control projects Plan-̄ The federal Disaster Assistance Act of 1988, which
ning to identify options that will provide thehighest levels provides assistance for people and businesses af-
of future-flood.protection, fected by drought throughout the U.S. The act autho:

,-~ ~-o:    ¯ ~ ¯ ’ rizesthe Secretaryofthe Interior to: 1)pefformwater
A workshop.onthe 1988-89 subvention program attended conservation and augmentation studies and assist
by reclamation dis~trict(s) trustees, engineers, and attor- willing buyers and sellers of water; 2) make water or
neys was held recently. Topics-discussed included defini- canal capacity available to water users and others; and

tion of SB~1893 (Competitive Bidding Act) procedures, 3) make loans to water users for management, con-

DFG, criteria:for ensuring no net long-term loss Of habi- servation, or acquisition and transportation of water.

tat, possible yearly .carryover of funds, and easement ac-
quisition as defined in SB 34.                            ¯The act al~o authorii’e} a specific program for Oak-

.: .... : . , dale and South San Joaquin Irrigation districts, as
Port of Oakland Dredged Material. DWR is working closely well as construction of a temperature control curtain
with San .Frartcisco. Bay. :Area- Regional Water Quality at Shasta Dam for anadromous fishery protection and

Control Board (Regional Board) to assist in the evalu- enhancement.

ation of:the p[opose6 use of Port of Oakland dredged ma-̄ SB 795, PL ~002675:Setties a lawsuit in San Diego
terial for levee improvements. DWR staff has been made County over water rights to the San Luis Rey River.
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Among many other items, including lining the All- could exceed 21 million recreation-~days annually. This re-
American Canal,the act provides for up to 16 TAF of sults in a latent (or unsatisfied) demdnd of¢~e:arly 9 million
supplemental water per year..The water will be recreation-days, which is expected to grove to over 25 rail-
derived from: 1) water saved by lining the All Ameri- lion recreation-days if present trends continue.
can Canal, 2) MWD, or 3) public lands. ~ o ~..~:

¯ SB 2261, Chapter 1545 of 1988: Permits temporaryPublic agencies have allocated ove} $1miiil0r~iorh~jor re-

changes involving the amount of water consumptivelyports on Delta recreational planning: A: t958 DWR re-
used or stored, and permits approval by SWRCB ofport, Sacramento-San Joaquin Delta, Master Plan for Rec-
a petition for. a long-term transfer of water or water reation, discussed the earliest plan. for...Delta.: recreation.,_. . In
rights, if SWRCB has approved a temporary change.June 1966, the Resources Agency issued a preliminary

edition~ of the Sacramento-San Joaquin Delta Master Rec-
¯ SB .2261, Chapter 1545 of 1988: Enacts the Salmon,reation Plan. This report, which was Updated in 1973 and

Steelhead Trout, And Anadromous Fisheries Pro-1976, was prepared by representatives 0f severat State or-
gram Act, which requires DFG to prepare and main-
tain a detailed conservation program for protectionganizations. Specific recreational plan~, have since been

and increase of salmon, steelhead trout, anddeveloped by all State and localagencies with interests in
anadromous fisheries, recreation in the Delta. These specific plans,have incor-

porated many of the ideas contained in the master plan.
¯ AB 3654, Chapter 1488 of 1988: Requires the Recla-Funding is the primary problem in irr~.[31.6ffierit!ng most of

marion Board to offer to lease to DFG, or to a public these plans: Other )9~ans, such as ~h~ e,xtensive DWR
entity, any lands it acquires as replacement habitat toplans for recreation and fish and wild!ifq ~.m)Pr0vements,
mitigate environmental impacts of its projects. Theare associated with the Davis-Dolwig Aft hnd ~re tied to
board is also required to prepare, in consultation withwater,development projects.    . i,:..~ .!~DFG, a mitigation plan to be implemented prior to
construction of a flood control, channel clearing, orThe Delta Master Recreation Plan-.bccup!.e~’ia 10-year
bank stabilization project, span in the history of Delta recreational p.lahning, which

¯ AJR 67, Chapter R-151 of 1988: Advises Congresswasupdated°rrevisedthreetimes:0-ver’thispe~i6d’Ama-

that the legislature continues to support Constructionjorcomponent of the plan, which was also inciu~led in sev-

of a multipurpose Auburn Dam atthe Auburn site. eral other plans, is the Delta waterways USe Program.
This~pr0gram recommends an area use,ciassif{~ati0n sys-

¯ SIR 30, Chapter R-123 of 1988: Memorializes Con-tern based on an area’s natu}al or ecol6gic~il’vaii~g2 i~ also
gress to transfer control and operation of the CVP to recognizes multiple-use areas, which are designed to ac-
the State of California or other public entity, commodate more intensified use (such as watef transfer

and recreational facilities). Recreatio.nai pia. nn..~, g follow-
Delta Recreational Planning ~ ing development of the Delta Master Re~eat,i0n Plan

emphasizes integrating recreational planning into a l~vee
The Delta is a major recreational area with many valuablerehabilitation strategy. ’ ~
and unique assets. Recreational developmerit is spread ~ _
throughout the Delta and can be classified as private (overGiven current economic and politica! conditions, it seems
20 yacht clubs), commercial (over 100 marinas, valued atunlikely that a major comprehensive recreational plan
least $100 million), and public facilities. To date, there arecould be implementedon its own merits. However, Such a
22 public recreational areas in the Delta, comprising 5,450plan could provide an economic advantage to art 6verall
acres of fishing access sites, park and recreational sites,levee rehabilitation program (assuming suchaplan itself
hunting areas, and boat launch areas, couldbe implemented). In additioncm0ref0cus~, d }ecrea-

tional planning under Davis-Dolwig~could::hlso benefit
Although the Delta has many recreational opportunities,any specific Delta water transfer plan.
manyareascanbeimproved.Nearlyallrecreationalfacili- - ~ ~: .:...:.~: ~:.. ::, ~:’:-.
ties in the Delta are provided by private enterprise, whichDelta Wetlands Project
caters almost exclusively to boaters. Poor access and few . ~ ~ - , .~..: :. ~’~ ’.. ~: ~ , .....
facilities have so constrained use that demand consider-A unique.wetlands management and water.storage prO-
ably exceeds current use. For example, in 1980, actual useject for the Sacramento-San Joaquifi D61t~ has been pro-
in the Delta was 12.3 million recreation days and the proj-posed by Bedford Properties, a land. deveI~pment, com-
ected demand, if sufficient facilities could be provided,pany. ~ ....
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Land. use on four Delta islands--B0uldin, Webb, Hol- NDP would provide the capacity to maximize winter bank,
land, and Bacon72.wil! be Convertgd from agricultural useing south of the Delta in a facility such as LBG.
to provide, waterfowl habitat and to store water during
winter and spring, The water for storage will be pumpedLos Banos Grandes Reservoir. DWR is studying several sep-

from the islands in early summer to provide fishery bene-arate formulations for LBG. The basic formulation would

fits and for ~use by DWR. The project will undergo a rigor- be solely an SWP wat.er supply facility; power generated
ous approval process starting with applications for .waterincidental to the wate~Lsupply operation would be incor-

rights permits. ~ p0rated into the SWP power resource plan. Other formu-
lations under study include:

The Bedford Properties proposal is being evaiuated by
DFG and DWR. Both agencies have set up task forces and¯ a joint SWP/CVP facility with incidental power incor-
are working with the project sponsor to define issues and porated into the SWP and CVP resource plans; and

tO identify the types of information needed to make .deci-̄ aSWP ~ater.supply facility w!th participation by a pri-
sions about the project. Some of the issues are: vate power utility in, pumped-storage power genera-

tion faci!ities.
¯ environmental do.cumentation under CEQA and

NEPA, Planning will concentrate on project formulation, analysis
of water and power operations, exploration of-P0ssible

¯ required permits, ¯
Reclamation and/or utility participation, and develop-

¯ Safety of Dams jurisdiction,
ment of mitigation plans to offset fish and Wildlife im-
pacts. The principal environmental issues appear to be 1)

¯ Operation, structural engineering, and economic lea-the inundation of significant riparian habitat along Los
sibility, Banos Creek, and 2)impacts on the San loaquin kit fox, a

species listed as ’threatened’ by the State and ’endan-
¯ liability, ¯ gered’ by the federal government.

¯ potential iegulat~ry change~, The }evised Schedule calls for completion of the draft

¯ control of the water in the reservoir, .. EIR/EIS by mid-June 1990 and the final EIR)EIS in June
1991. With this optimistic schedule, the LBG facilities

¯ ~water quality, and could be completed and in operation by mid-2002.

¯ public perception. LBG will provide operational flexibility for the SWP. Op-
erational flexibility will provide improved SWP opera-

The proiect has the potential to increase Delta exportstions for the fishery and enable shifting more expdrts to
and decrease Delta outflows dur~ing the winter. The proj,winter and high-flow months, when fish are not as abun-
ect’s main benefit is to provideoperational flexibility,dant.
which can benefit fish and wildlife and water quality.

Surface and ground water storage south of the Delta will
Offstream Storage South ~of the Delta increase exports in wetter years and will cause minimum

impact in drier years. Delta.outflow will be reduced in
In 1984, DWR completed a reconnaissance study of 13 po-wetter years, and water quality will be slightly changed
tential offstream storage sites south of the Del-ta. Reser-during winter months. The storage projects will provide
voirs at these .sites could be used to, store excess runoffoperational flexibility to reduce incremental fish screen-
pumped from the Delta during wet periods and delivereding losses.
via the California Aqueduct. The subsequent reportAlter-
native Plans for Offstream Storage South of the Delta recom- I~llogglLos Vaqueros Reservoirs. In fall 1985, Reclamation
mended that future studies focus,on the. LBG site, southexpanded its Kellogg Reformulation Study to include, a
of the existing San Luis Reservoir. preliminary analysis of the Los Vaqueros Reservoir site.

The .study previously concentrated on Kellogg Reservoir
Any new offstream facility south of the Delta would be of and relocation of the Contra Costa Canal intake. Recla-
little value without the capability of filling that facility mation!s planning report and draft EIS were available for
during periods Of ~urplus Delta outflow. The plannedreview in early 1988. The report indicated that the High-
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line Canal and relocation of the Contra Costa Water Dis- in 1991; and ultimate develo ~ment following in~ 3 to 4
trict intake to Clifton Court are the best alternatives, years.:

Contra Costa Water District .(CCWD) began purchasing Local elements will also be developed in stages. As of De-
the entire Kellogg/Los Vaqueros watershed in early 1987.cember 1989, one local element was being studied at the

Environmental and land management plans were ad-feasibility level, and four others were being, studied at the
dressed by Jones and Stokes, the district’s environmentalreconnaissance level.

consultant, during 1987 and 1988. A Stage II EIR/EIS will The Kern Fan Element has the Potential of increasing
be completed by spring 1991. DWR has paralleledSWP firm dry-period yield as much as l40 TAF. Initials~u-
CCWD’s studies with operations and cost studies neededdies indicate that local elements could more-than doubletodeterminewhetherparticipationisdesirable.However,the contribution of KWB to SWP supplies.
SWP cannot participate in Los Vaqueros because of the
language approved by the electorate in a recent bond au-The project will increase exports and decrease outflow
thorization initiative during wetter years, but will have no effect on inflow. It

will provide operational flexibility to reduce incremental
Kern Water Bank fish screening losses and only slightly degrade water quali-

ty.
The KWB program is a proposed conjunctive use ground
water program being developed by DWR, in cooperationNorth Of Delta Additional Storage Development
with KCWA and local water districts, to augment the de-
pendable water supply of SWP. This program would allowThe most economical dam sites in Californi~ have already

KWB to store and extract water from the Kern County been developed. For environmental, economic; or finan-

Ground Water Basin, in coordination with the operationcial reasons, some reservoir pr0jec.ts on.ce seriously con-
of surface water storage and conveyance facilities. In gen- sidered for construction have been deferred. Surface stor-

eral, water would be banked in the basin during years ofage facilities north of the Delta are discussed in the

above-average water supply and withdrawn during drierfollowing paragraphs.

years, when surface water supplies are below average. Shasta Lake Enlargement. In recent years, Reclamation
and DWR have studied the feasibility of enldrging ShastaKWB is being developed as individual "elements," or

components, of an overall water recharge, storage, andDam. One alternative studied was to increase the height

extraction program of SWP in the Kern County Ground of the existing dam by 200 feet, which would enlarge the
reservoir’s storage capacity from the present 4.5 MAF toWater Basin. The Kern Fan Element is a program of di-
14 MAF and increase the dependable water supply byrect recharge and extraction on 20,000 acres along the
about 1.4 MAF per year. Although the unit cost of waterKern River alluvial fan, west of Bakersfield and adjacent

tO the California Aqueduct. DWR purchased the land in would be relatively low, the capital cost would be substan-

1988. Additional "local elements" will be developed astial. Therefore, California’s water interests have con-

cooperative programs with surrounding water districts,cluded that other needs take priority over the additional

These local elements will be combinations of in-lieu andstorage of an enlarged Shasta Lake.

direct recharge programs. In wetter years, in-lieu pro-These needs include developing more offstream storage
grams will provide additional water to local farmers in re- south of the Delta, solving San Joaquin Valley drainage
turn for reduced surface water deliveries in drier years, problems, and planning the expansion of the CVP aque-
Such programs will generally involve expansion of surfaceduct system of the San Joaquin Valley (the Mid-Valley
water distribution systems to deliver additional water inCanal). As a result, Reclamation shifted its planning em-
wetter years and construction of additional wells to in- phasis toward conveying and protecting the quality of ex-
crease pumping capacity in dry years, isting supplies before developing new supplies. DWR, re-

sponding to growing recognition among water contractors
During 1989, the Kern Fan Element program was rest.ruc- of increasing project costs, shifted its planning to smaller,
tured for staged development. Initial plans called for de-less expensive projects.
velopment of a program with maximum storage of 1 MAF,
with the first stage planned for maximum storageof 300Marysville Dam and Reservoir. Marysville Reservoir on the
TAF. The first stage is planned for .d,evelopment beginningYuba River, originally authorized as a Corps project in the
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1960s, wasn0t developed. The proposal was reanalyzed inmost suitable means of providing flood protection and de-
1982 as a possible local pkoject of the Yuba County Waterveloping additional water supply.
Agency "in partnership with KCWA. Neither proposal
went beyond the planning stage: ¯ ’ A 1984 engineering report estimated the total first cost of

~ . ~, ~, . the Cottonwood Creek Project at $753 million. The an-

Later, D~WR .investigated a multipurpose project ~to pro-nual payments by the SWP contractors would have been

vide power, flood control, and additional conservationprohibitively high. Consequently, in June 1984, DWR

yield for the SWP, by using the Corps plan for the Parksasked the Corps to reanalyze the project, looking at meth-

Bar and Dry Creek Dam sites (about 5 miles upstream ofods for cost reduction. The Corps’ reanalysis reduced the

the city of Marysville):and updatingthe construction costtotal first cost to $571 million.

estimates. Because bf the apparent high unit cost of waterAfter discussions with the SWP Contractors and a briefing
from the project and the lack of local support, the pro-before the California Water Commission in 1985, DWR
posal is currently inactive, decided not to participate in the project.

Glenn,ReservoirProject. During t1~e1960s and 1970s, the In June 1985, DWR’s Northern District published a
State studied variouspossibilities for developing storagememorandum report, which recommends study~g con-
reservoirs on Thomes Creek and Stony Creek on the weststruction of a combination diversion and storage dam at
side of the Sacramento Valley. Three different reservoir the Dippingvat site on South Fork Cottonwood Creek, a
sites were considet-ed for various sizes, cgmbinations, andstorage dam at the Sdhoenfield site in the adjacent Red
corifig~arations, These were the Paskenta, Newville, andBank Creek Basin, and a conveyance system connecting
Glenn:~reservoiisi Under one routing of Eel River im-the two reservoirs.
ports, the reserVoir(s) would have been used to store
water from the North Coast. With the slowdown in agri- Following the June 1985 report’s recommendations,

cultural demands, ani] the prospect of more favorable al-DWR began a two-year prefeasibility investigation of the

ternatives, planning for these projects has been deferredDippingvat-Schoenfield Project. The cost, including in-

indefinif~l~,.- ~ " :’ ’~ terest during construction and the present worth of opera-
. ::, . ..~:~. .. tion, maintenance, and replacement, was estimated at

Eel River ~i-ports..The 1973 Calff_ornia Wild and Scenic $119 million. The project would provide a critical period
Rivers Act:precluded development of many of :the Northwater supply of 47 TAF/YR to the SWP, assuming Delta
Coast’s maj0r streams. The act also provided that DWR,transfer facilities are in place. The cost allocated to mu-
after an initial 12-year period, would report on the neednicipal and industrial water supply would result in a unit

for water supply and flood control projects on the Eeleconomic cost that-is competitive with other sources of

River and its:tributaries, water supply now under consideration.

’~ " " The Dippingvat-Schoenfield Project would reduce the
On August 30, 1985,.DWR reported by letter to the Legis-

100-year peak flood flow at Cottonwood from 106,000 cfslature: ~ " to 90,000 cfs. The project initially would provide up to
9,000 public recreational days per year, increasing to an"... Based upon the situation today, we see no rea-

son to seek legislation to-withdraw the Eel River estimated 113,000 days per year by the end of the 50-year

from the Wild and Scenic River’s System... it is analysis period.

our view that we would not look to the Eel River as . Following the November 1~87 report’s recommendation,
a practical Source of additional Water supply within DWR began a feasibility study of the Dippingvat-Schoen-
the near~uture, irrespective of its wild and scenic field Project, now called the Red Bank Project, to be com-
status, It seems appropriate to leave the Eel in the pleted by mid-1990. The study--being conducted in co. op-
ggildand Scenic River system, subject to future re- eration with Reclamation, DFG, USFWS, and the
view and~ ;reconsideration." Corps--will include fishery and flood control elements.
- ’, " ~; ~ ~ ~ ..... ~ Communication with Shasta and Tehama counties andRed Bank Project. Cottonwood Creek,. in Shasta and cooperative agencies is maintained through an advisory

Tehama counties, is the largest uncontrolled tributary of ....
the Sacramento River and is a major contributor to flood-

group.

ing,~ Particularly along the upper river. In the mid-t960s,Auburn Dam and Reservoir. In .1967, Reclamation began
the CorPs se!ected’the Cottonwood Creek Project as thepreliminary construction activities for a 685-foot-high
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concrete arch dam at the Auburn site. The dam wouldta Barbara County’s decision to obtain part of its entitle-
have impounded a 2.3 MAF multipurpose ,reservoir toment from the proposed Enlarged Lake -Cachuma
provide CVP water supply, power, recreation, flood con-project, providing it wants to re-purchase the !2,2t4 AF.
trol, and fishery enhancement. After foundation prepara-of SWP water relinquished in 1981. Annual entitlement of
tion was completed in 1976, construction was suspendedSWP water is 25 TAF for San Luis Obispo County and be-
to permit further study of seismic and .design issues, tween 45,486. and 57,700 AF for Santa Barbg~:C0unty.

After intensive studies by eminent engineers, geologists,Santa Barbara.County will. have to develop 1.ocal distribu-
and seismologists, the Secretary of the Interior concludedtion facilities to convey their SWP w~ter entitlement’from
in 1980 that a safe dam could be constructed. A concretethe terminus of the C.0astal Aqueduct to ,areag~ of.’need.
gravity dam was recommended in lieu of the original thinOne such local facility, the Mission HillsExtEnsion, will
arch design, but final designwas deferred pending resolu-transport water to northern communities of the county
tion of questions about flows in the lower American and terminate near the city of Lompoc. Another local dis-
River. tribution facility, the Santa Ynez Extension, would extend

service to the upper Santa Ynez Vall’ey ~ndS0uthCoast
Meanwhile, the Corps has continued reconnaissance lev-communities. ~ :’ ’ ’ -: ~:~ = ¯
el studies of flood control options for the lower American ..... ¯ ~ . . .
River area. Considerable support has come from the Sac-" At the request of santa Barbara County Flood Control
ramento Area Flood Control Agency in a February 1990and Water Conservation District, DWR is conducting the
resolution calling for a fl0od-contror onlydam at Auburn,environmental assessment and reconnaissance level de-
which could be expanded when water, power, and recre-sign for the Extension as part of the advance pianning
ational interests are able to finance the enlargement, study of the Coastal Aqueduct. Costs of the Santa Ynez

Extension have been estimated foreconomic analysis
Folsom Dam and Reservoir-FolsomSouth Canal. Whereas only ....... :,~ .,: ::
this is not a new pioject, there has been a resolution of a
long-standing problem involving a storage contract be-Phase II, 87 miles long, starts at Devil~ Den in the north-
tween EBMUD and Reclamation, versus a group of inter- west corner of Kern County and proceeds southwest of
ested users of lower American River flows. EBMUD will San Luis Obispo, then south to the Santa Maria River.
be able to exercise its contract with Reclamation for 150 The pipeline varies in diameter from 60 inche.s at Devils
TAF of Folsom storage annually and to take this waterDen to 54 inches at the Santa Maria River; .Three pump-.
through the Folsom South Canal. A connection will being plants will lift the water over the Tremb!or~ Mountain
built by EBMUD between the end of the Folsom South range near Polonio Pa.ss. The water will then flow by gray-
Canal and the Mokelumne Aqueduct. In turn, EBMUD ity to the Santa Maria turnout. A power’ recovery plant
will be restricted by a diversion schedule that helps keepnear San Luis Obispo will be used to reduce the pressure
the lower American River in a healthy condition, in the pipeline. There will be four water storage tank sites

at Polonio Pass, northeast of Santa Margarita, east of San
Additional storage north of the Delta will potentially in- Luis Obispo, and just east of Arroyo Grande:
crease summer and fall inflow, decrease winter and spring .
inflow, increase drier year export, reduce winter andThe Mission Hills Extension, 23 mileslong~ starts at the
spring outflow, and increase summer and fall outflow. Santa Maria River and proceeds south to Mission Hills
Other potential effects include drier year water quality near Lompoc. The extension pipeline.connects wit.h the
protection, increased river flows, and increased fishPhase II pipeline at the Santa Maria River..Theextension
screening losses, pipeline varies in diameter from 54 inches ar~ the Santa

Maria River to 39 inches at Mission Hills. A pumping
Central Coastal Studies plant two ~miles north of Casmalia will lift the water over

the Casmalia Hills. One water storage tank site will belo-
At the request of San Luis obispo and Santa Barbaracated one mile south of Casmalia, and another will be at
County Flood Control and Water ConservatiOn districts,Mission t-Jills. " -
DWR is conducting advanced planning studies, including
preparation of an EIR for the proposed Phase II of the DWR’s environmental study teams (botanistS, wildlife bi-
Coastal Aqueduct. The Coastal Aqueduct will furnish be- ologists, and archaeologists) have ~been:. co.nducting on-
tween 52,973 AF/YR and 82 TAF/YR, depending on San- site field surveys along the proposed pipelir~e alignment..
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The teams have been recommending slight adjustmentstral San Joaquin Water Conservation District, madeapro-
in the alignment within the study corridor .to avoid sensi-posal t0 DWR that could increase the yield of’ the SWE
tire habitat. DWR staff members have al~o conductedThese two districts hfiv~ contracis withReclamati0n for
meetings and field surveys with the Corps, USFWS,’and155 TAF (106 TAF surplus and 49 TAF firm) of New
DFG representatives to discuss Section 404 permit re-Melones Project water. The districts propose to use their
quirements and to gather recommendations for minimiz-contract entitlements in normal and above-normal years
ing project impacts. DWR staff also had five meetings but forego diversions during dry and critical years and re-
with landowners to discuss alignment of the Aqueduct. lease the water down the Stanislaus River into the Sacra-

mento;San 3oaquin Delta. The distr’icts:would rely on
Phase II of the Coastal Aqueduct has the potential to in- ground water to meet their needs during dry and critical
crease SWP deficiencies’ slightly. Because export, inflow,years and then recharge their basins during normal to wet
and outflow are not affected by the project, no cumulativeyears, in turn, they would want finanding for the necessary
impact will result from the NDP. facilities to divert and convey the New Melones water to

their service areas. The proposal has been discussed with
In addition, Reclamation and DWR are conducting a jointReclamation--whichowns and operates New Melones--
study of the feasibility of enlarging Cachuma Reservoirwith San Joaquin County interests, and with the State
(Bradbury Dam) in Santa Barbara for additional water water contractors. These discussions indicate that the
supply for the. SWP. If constructed, this would be the first proposal has merit~ and DWR plans to use the environ-
local project incorporated as part of the SWP. Also, Rficla- mental documentation process to investigate its feasibil-
mation is evaluating ways to bring Bradbury Dam intoity,
compliance with its safety of dams criteria.

DWR and Reclamation see the proposal as having the po-
The reservoir has a storage capacity of 205.TAF and a firm tential to provide many benefits, including water supplies
yield of 24 TAF for recreation, irrigation, municipal, and for local use, increased fishery flows in the Stanislaus and
industrial uses. Water is released for these demandsSan Joaquin rivers, improved water quality in the south
through: 1) a river outlet for downstream releases; 2) aDelta, and increased yield to the both SWP and CVP. To
pipeline for the santa Ynez River Water Conservation attain these benefits, all parties involved must be included
District, Improvement District No. 1; and 3) Tecolote Tun- in the planning process. Sin~e Reclamatio .n owns and op-
nel.for the Santa Barbara area. The preferred enlarge- erates New Melones Reservoir, it is a key participant in
ment will increase storage some 197 TAF and would pro-the program.
vide the SWP a safe yield of 17 TAF/YR when combined
wit.h, vegetation management and cloud seeding pro-In March 1989, DWR and Reclamation signed a M~mo-
grams, randum of Understanding with 15 agencies in Calaveras,

Tuolumne, Stanislaus, and San Joaquin counties to. pre-
Through a contract with Reclamation, an envir0nmentalpare a plan for the long-term use of water supplies from
consultant has prepared a preliminary mitigation plan forthe Stanislaus and Calaveras rivers. DWR.and Reclama-
the potential impacts of the enlarged Cachuma project,tion have developed andcompleted a "Scope.0f Study" for
As expected, the key mitigation issues will be loss of ripar-the program and will issue a Preparation/Notice of Intent
ian and wetland habitat, loss of oak/woodland habitat, andto prepare a Draft EIR/EIS forthe Stanislaus River Basin
impacts to the steelheadfishery, and the Calaveras River Water Use Program.

Potential Conjunctive Use Programs Glenn-Colusa Irrigation District - DWR Contract. In late
1988, DWR entered into an agreement With Glenn-

Conjunctive use is a planned use of both surface andColusa Irrigation DistriCt to perform..a cooperat!ve
ground water in a complementary’ manner to increaseground water investigation. Past studies indicate it is pos-
water yield and/or reliance. Conjunctive use programssine and may be economically feasible to develop a well
will generally reduce pressure on Delta exports, managefield. The investigation evaluates the impact and eco-
resources more efficiently, and increase yield to existingnomic considerations of developing the ground water.~
projects.

The ~Glenn-Colusa irrigation District has drilled a test
New Metones Conjunctive Use Plan. Two San Joaquin well to determine the feasibility of s~pplementing the sur-
County Agencies, Stockton East Water District and Cen- face water supply withground water. DWR is funding 50
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percent of this project. The district wishes to develop aAgricultural Water Conservation. California’s agricultural
conjunctive use operation to ensure its users a reliablesector has for decades been developing and implementing
supply during water shortages. They would like to developways to reduce on_farm water use. This conservation effort
a ground water capacity of about 100 TAF/YR. The dis- has been broad-based, involving various public institu-
trict testing program has been successful, and a produc-tions, private industries, and individual farmers. Year by
tion well yielding some 3,000 gpm has been completed,year, on a continuingbasis, many different irrigation tech-
The next phase of the investigation is now being planned,niques have been developed to reduce and tailor water

use for the varied irrigation conditions encountered

Potential Water Conservation Alternatives throughout the State.

DWR has had a multifaceted agricultural water conserva-The ethic of conserving water has been woven through
law and practice in California for decades. It can be traced tion program since 1980. It focuses on assisting water dis-

back to a 1928 Constitutional Amendment, which wastricts and growers with irrigation scheduling based on crop

adopted to ensure the reasonable and beneficial use andwater needs, education to improve the efficiency of vari-

the prevention of waste and unreasonable use of.water,ous irrigation systems, support of research related to im-
proved irrigation management and reductions in
evapotranspirati0n rates of crops, and financial assistance

The 1976-77 drought demonstrated, sometimes dramati-to agricultural water districts to begin or expand their irri-
cally, that people can reduce water use when an emer-gation management programs.
gency requires it. This experience, coupled with the grow-
ing cost of major water project development, has led to anSince the mid-1970s, DWR has published estimates of
array of water conservation programs at the State and lo- weekly crop water use--information that many farmers
cal government level, have used to schedule irrigations. The estimates are based

on measured rates of evaporation from standard National
WatermanagementplansforurbanareaswillbenefitbothWeather Service evaporation pans installed at selected
project operations and contractors by reducing demandsites within some of the major irrigated areas of Califor-
buildup schedules, thereby stretching available suppliesnia. Now, in response to the need for real-time
and reducing risks of water shortages. The reduced de-evapotranspiration information, daily estimates of crop
mand buildup schedule would minimize potemial Deltawater use are available through the California Irrigation
export impacts.. Management Information System, a large, automated

weather station network that records solar radiation, wind
The two most recent significant pieces of legislation arespeed, rainfall, air temperature, humidity, and soil tern-
the Urban Water Management Planning Act of 1983 and perature.
the Agricultural Water Management Planning Act of
1986. Both require the larger water suppliers, under cer-These data are transmitted daily by telephone to a central
rain conditions, to prepare water management plans, computer that calculates how much water certain plants

in a certain area would have used under specified condi-
Urban Conservation. Some 300 urban water suppliers have tions for such factors as soil moisture availability and plant
prepared water management plans under the Urbangrowth. The results are then made available to farmers
Water Management Planning Act of 1983. These plansand other interested parties, who access them through
identify many current and future water conservation pro- personal computers. The information is also available
grams. They include low water-use landscaping and ira-through irrigation consultants, county farm advisors, U.S.
proved irrigation efficiency on large turf areas, water Soil Conservation Service (SCS) field offices, and the me-
audits and leak detection, industrial water conservation,dia.
residential retrofit with low-flow and ultra-low-flow toi-
lets and showerheads, waste water reclamation, capitalWhile crop water use estimates help farmers decide when
outlay projects to replace old water mains and similar fa-to irrigate and how much water to apply, mobile irrigation
cilities, public education, and in-school education. DWRmanagement laboratories are also available to measure
has provided technical and financial assistance to urbanhow efficiently an irrigation system is working. These labs
water agencies and local governments in all these areasare operated by local resource conservation districts, with
since 1980. technical support from SCS.
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In 1986, the Legislature passed the Agricultura! Water̄ implement various State laws pertaining to water
Management Planning Act. It required every agricultural transfers;
water retailer supplying more than 50 TAF of water, if not ¯ create and maintain a list of entities seeking to entercovered by water conservation requirements of State and into transfers and a list of the physical facilities that
federal agencies, to report to-DWR on how its water is may be available to carry out water transfers; and
managed. If the supplier finds that water can be con-
served, or that the quantity of highly saline or toxic drain-̄ prepare a water transfer guide,
age water can be reduced, the supplier must adopt an agri-
cultural water management plan. Water transfers can increase Delta inflow and outflow in

drier years, increase exports when transfers are north of

Industrial Water Conservation. Under a contract with the Delta, and decrease exports when transfers are south

DWR, MWD completed a literature search to identify in- .of the Delta. Water quality will be improved, although fish
dustrial water conservation technologies. The best of thescreening losses will be increased.

abstracts have been reprinted and made availab!e tO local
In March 1986, DWR established an in-house Waterwater distriCtS for distribution to industrial customers.
Transfers Committee to respond to the interest in water

DWR is also cosponsoring a project with the City of Sanmarketing and water transfers. The committee has pub-

Jose. The city’s consultant will visit selected industries to
lished two documents to facilitate the voluntary exchange

assess their potential for improving their water use effi-or transfer of water within California. They are titled A

ciency. Follow-up pilot projects will be undertaken forCatalog of Water Transfer Proposals and Questions to be
Asked in the Case by Case Review of Water Transfer Propos-those industries showing potential, als. A draft Water Transfer Guide, authorized by Section

Water Transfers 482 of the Water Code was released in June 1989.

Ideally, a market system involving transfer of water
Statewide emphasis on several distinct types of watershould improve the lot of both the buyer and seller. The
transfers has intensified during the 1980s. A number ofbuyer should gain by acquiring water needed at a favor-
new laws have been passed that express State policy, addable cost; the seller should gain by receiving more in ~re-
to the existing water rights authority of SWRCB, and turn tha~ he would gain by keeping the water. However,
authorize new prograrms for DWR. These include: there is concern that such transactions may not.adequate-

ly compensate those not directly involved in the buying
¯ Voluntary transfer of water and water rights is advo- and selling process ( farm laborers, food processors, and

cated, where consistent with the public welfare of the retailers, for example).
place of export and the place of import.

Market water transfers can realize efficiencies; however,
¯ DWR and SWRCB are directed to encourage volun- equity questions.can arise, including instream uses, waster

tary transfers of water and water rights by offering rights questions, third-party impacts, and adverse eco-
technical assistance, if necessary, to identify and im-nomic and environmental effects.plement water conservation measures that will make
additional water available for transfer.

Questions are also being raised over whether a market

¯ Local and regional public agencies are authorized toconcept would really result in the highest and best use Of

sell, lease, exchange, or transfer surplus agency waterthe water resource. It may be more a sign of comparative
for use outside the agency, purchasing power among sectors than art optimum use

pattern. The urban sector~ for example, could probably
¯ State and local agencies are prohibited from dewingoutbid agriculture for a given water supply; but water used

a bona fide transferrer of water the use of unused ca- to irrigate lawns or wash cars could be regarded as having
pacity in a water conveyance facility, less economic and social value than water used to produce

food.
DWR is required to:

To date, it appears that .a true "market" is unlikely to
¯ establish an ongoing program to facilitate the volun-evolve on a statewide basis in California. However, the

tary exchange or transfer of water; fact that water managers and water, constituent groups
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have begun to think in "market" terms has already led toEast Bay Municipal Utility District Water rationing was in-
numerous innovate suggestions for water transfers andstituted in 1988 and had been planned for 1989, at the 25
water sharing, percent level. The East Bay Municipal Utility District

(EBMUD). EBMUD purchased 60 TAF of water from

Transfer of SWP Entitlements. In March 1987, the Califor- the YCWA to avoid rationing at greater than 25 percent.
nia Water Commission sponsored a "Briefing and Discus-As a result of additional rains, however, EBMUD did not
sion of Transfer of SWP Entitlements" in Bakersfield. use this water. In August 1989, EBMUD sold 30 TAF of
The Commission heard statements from representativesthe purchased water to DFG for use in the San Joaquin
of various SWP contractors. Some of the contractorsValley for salmon enhancement and riparian use. The
would like to sell their entitlements, others would like toCity of Napa and EBMUD negotiated directly with Yuba
purchase entitlements, and still others support the con-County Water Agency for their purchases.
cept of the SWP buying back entitlements.

Marin Municipal Water District. Matin Municipal Water

CVP Purchases. DWR has an interest in purchasing exist- District (MMWD) is seeking a supplemental water supply

ing CVP water supplies that CVP will not need for at least of 10 TAF per year, with the NBA as a possible link in the

10 to 20 years. DWR is interested in acquiring such inter-.delivery chain. Water purchased by MMWD somewhere

im supplies to meet near-term SWP needs, in the Central Valley could be rediverted from the Delta
into the NBA and delivered at NBA terminal facilities.
MMWD would have to build a conduit from the NBA toThe COA provides that Reclamation and DWR will neg0- its service area in Marin County.tiate a contract for the sale of interim federal water to

DWR and for conveyance of federal water through SWP DWR has participated in meetings with MMWD and rep-
aqueduct facilities. SWRCB, DFG, and USFWS are also
involved in the negotiations, which are open to the public,

resentatives of the Napa and Solano County agencies that
have contracted for deliveries from the NBA~ These

The negotiations are closely coordinated with periodic
meetings with the State water contractors. (See alsomeetings were primarily to allow MMWD to present its

"Wheeling-Purchase Negotiations" in Section 10 (h) oftentative plans to NBA users and assure them that ff its

the COA, page 173.
use of the NBA should prove feasible, it intends to negoti-
ate mutually beneficial agreements for that use.

Yuba County Water Agency. DWR entered into an agree- Technology For Increasing Water Supply
ment with the Yuba County Water Agency (YCWA) to
purchase water released from New Bullards Bar Reser- The following sections describe the present situation re-
voir during the summer of 1988. The release of this watergarding augmentation of water supplies by various tech-
by YCWA allowed DWR to hold a corresponding amount nological approaches.
of water in Lake Oroville and had the effect of transfer-
ring the water from New Bullards Bar Reservoir to Lake Watershed Management. Watershed management can pro-
Oroville. tect developed supplies by reducing sediment acCumula-

tion in reservoirs and increasing streamflow by managing
DWR and YCWA re-negotiated a water transfer for 1989. vegetative growth. Reducing the amount of shrub and tree
Yuba County agreed to make 200 TAF of water available. cover and substituting grasses both reduces vegetative
Santa Clara Valley Water District paid the costs of tran- water use and increases runoff. Water supplies may be
sferring 90 TAF, and q-glare Lake Basin Water Storageaugmented where reservoirs regulate the increased
District paid the costs of transferring the remaining 110runoff.
TAF.

Water supplies gained by such means, although small in
Discussions concerning another transfer in 1990 haverelation to total runoff, can cost less than supplies devel-
been proceeding informally, oped by building new reservoirs. However, extensive ar-

eas would have to be managed to significantly increase
City of Napa. The city purchased 7 TAF of water from statewide water supplies. Vegetation management is now
YCWA for use in 1989. The water was conveyed through being used principally to improve range, reduce wildfires,
the North Bay Aqueduct (NBA). and enhance wildlife habitat.
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Watershed management upstream of the Delta can in-tion on the effectiveness of using propane to enhance pre-
crease Delta inflow and increase drier yeai export andcipitation.
outflow. The technique can improve water quality protec-
tion in drier years and increase river flows while increas-If the program proves to be feasible, the eventual average

ing screening losses, yield might approach 100 TAF for a 50-dispenser opera-
tion program.

Weather Modification. Research has established that rain
and snow from clouds with the right moisture and tem-Upstream weather modification can increase Delta inflow

perature characteristics can be increased by weatherand increase drier year export and outflow. It can improve

modification. Many investigators believe that average an-water quality protection in drier years and increase river
flows while increasing screening losses.

nual precipitation might be increased by about 10 percent.
Weather modification has been conducted along the west-Desalination. The possibility of finding an economical way
ern slopes of the Sierra Nevada and some of the Coastto desalt ocean water and brackish water has intrigued en-
Ranges for several years. However, precipitation will in- gineers, politicians, and the public for many years. Much
crease only when storm clouds are present, which meansresearch has been done and, in some parts of the world,
that the technique is more successful in years of near-nor-desalting is an important source of water. Worldwide, de-
real rainfall. Weather modification is most effective when salting capacity is about 3 billion gallons per day in 3,500
combined with vegetation management to prevent shrubsplants, in the United States, about 750 desalting plants
and trees from using the additional precipitation, have a combined capacity of 212 million gallons per day. In

California, desalting is used to r~claim brackish ground
In 1985, DWR awarded a contract to North American water, desalt sea water, and treat water for such industries
Weather Consultants to conduct a feasibility study ofas the electronics industry, which require process water of
cloud seeing in the Feather River watershed. The resultshigh purity.
led to funding the design of an operational plan and prep-
aration of environmental documentation for an inflow en-Unfortunately, it is still too expensive for all but a few
hancement program., places and situations in California. Present desalting

processes can remove high percentages of orgaiaic and in-
The program emphasizes augmenting streamflow by in-organic constituents from water, including sea water.
creasing snowpack. It is being developed from a 3- toMoreover, fresh water obtained from desalting processes
5-year prototype project in- a remote area of the Middlecan be tailored (by careful selection of process type and
Fork Feather River near Johnsville. The final operationaldesign) to meet the water requirements of almost any
plan is being designed and implemented by a weather sci-beneficial use.
entist.

The principal limitation of desalting is its high cost, which
DWR is totally funding the prototype project. DWR will is directly linked to its high energy requirements. In Cali-
also provide environmental documentation for this pro-fornia, cost has greatly restricted its use. Of the various
gram and for possible future expansions, desalting techniques, the membrane processes (~everse

osmosis and electrodialysis) offer the best potential to fur-
The prototype project will furnish information to guidether reduce costs and thus increase use. Extensive re-
future design of a larger cloud seeding program in thesearch is being conducted in the private and punic sectors
Feather River watershed. The final operational projectto improve the performance of membranes used to re-
will specify the storms to be seeded, seeding agents to bemove salt fromwater. Future improvements in thevarious
used and rates of application, locations for ground-baseddistillation methods of desalting are likely to be less sig-
generators, suspension criteria, and proposed method ofnificant than those related to membrane desalting.
evaluation.

The Los Banos Demonstration Desalting Facility in the
The program began in October 1988 with issuance of aSan Joaquin Valley began operation in late 1983 to investi-
negative declaration for the prototype runoff-enhance-gate the present technology and economics of reclaiming
ment program. In November 1988, two propane dispens-drainage water by desalting. In late 1986, following the
ers were installed to permit evaluation of the capabilitiesSan Luis Drain shutdown by the federal government, the
of the equipment control system and to provide informa-plant lost its agricultural feedwater, and, except for the
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solar pond system, the facility closed down. No results̄ Throughout the State, many industries use desalting
have been reported, to develop process water required for manufacturing

paper, pharmaceuticals, certain foods, and electronic

The DWR solar pond system at Los Banos is still operat- components.

ing. The Rankine-cycle power generator has operated for̄ Finally, sea-water desalting is used at locations such
two summers, producing about 10W. A 5,000 gallon-per- as PGandE’s Diablo Canyon Power Plant, where a
day vertical-tube foamy evaporator desalter has been in- sea-water reverse osmosis plant provides in-plant
tegrated into the system to demonstrate steady-state op- water. In the San Joaquin Valley, many agencies have
eration of a salt=gradient, power-generation desalting been studying the disposal of brackish agricultural
system, drainage water for decades. DWR has investigated

reclamation of agricultural drainage water by reverse
osmosis since the early 1970s. Discovery of selenium

DWR is cooperating with other agencies to establish a in this water and the ill effects this element has on
multiagency treatment ce.nter for investigating selenium- aquatic wildlife have increased interest in reclaiming
specific removal technologies and evaporation ponds, drainage water, rather than discharging it to the
This treatment center would be located at Westland Wa- ocean or estuary. In California, the potential exists to
ter District’s Tranquility site. Additional desalting reclaim several hundred thousand acre-feet of drain-
pretreatment studies by DWR could be conducted at this age water per year through a combination of desalt-
site. ing, salt-harvesting, and power production from salt-

gradient solar ponds. Studies of these activities are
continuing.In California, desalting technology is being studied or

used in the following situations: Although the use of desalting to supplement Water sup-
plies will continue to be guided by local circumstances, it is

¯ Reverse osmosis and electrodialysis membrane de-likely to increase as the costs of more conventional water
salting of brackish ground water can be used to supplysupplies rise and the expense of desalting (particularly re-
drinking water. This may or may not be related to the verse osmosis and e!ectrodialysis) decreases.brackish nature of the water but may instead be a case
in which a particular constituent (natural or other- Desalination sduth of the Delta has the potential to re-
wise) must be removed to meet health or other stan-
dards. In the Arlington ground water basin in South- duce Delta exports, increase water quality protection, and

ern California, a project is in the planning stage tominimize screening losses.

desalt about 6 TAF o~f.local ground water a year; and Waste Water Reclamation. Reclaiming and reusing waterin Orange County, a l-million-a gallon-per-day re-
verse osmosis demonstration plant is being con-can lead to important benefits. Reusing water can defer or
structed. At both sites, the major water quality con- eliminate the need to develop new fresh water supplies
cern is high nitrate concentrations in the local groundand conveyance facilities, Reclaiming the water in a satel-
water, a desalting application that is likely to findlite treatment plant near the-place of usecan postpone
wider acceptance as new, more efficient membranesthe enlargement of collection systems and treatmen.t
are developed. ¯ plants. Similarly, reclamatior~ maY reduce waste water dis-

¯ Reverse osmosis can be used to reclaim domestic
charge and defer expansion of ocean outfall systems.

waste water before it is recharged into ground water Reclaimed water is used for various purposes, including
basins. The best example of this in California is theirrigation, industrial cooling, and ground water recharge.
Orange County Water District’s Water Factory 21, Industrial process water may be recycled to recover heatwhich treats 15 million gallons of waste water a day
in an advanced waste water treatment and desaltingor materials, save water, and reduce sewage discharge
plant and injects it into the local ground water basin,fees.

Waste water can be treated to drinking-water quaIity;¯ As water pollution standards become more stringent,
California industries can use desalting to meet dis-however, reuse for drinking water is not permitted, penal2
charge requirements. In the San Joaquin Valley, theing studies to determine the long-term effects of re-
olive-processing industry, whose dischargesare heav-claimed water on human health.
ily saline, is studying desalting as a method of reduc-
ing waste water and supplementing its process waterBecause many potential sites for reuse are often often lo-
suppIies, cared far from the point of supply, the need for separate
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storage facilities and dual distribution systems increaseAny warming trend, whetherthegreenhouseeffectorjust
the costs of many reuse projects. Furthermore, users maypart of a long-term trend, could have some of these el-
be expected to pay the full cost of developing a reuse proj-fects:
ect.

¯ Changes in runoff patterns, with more during the win-
ter and a decrease in snowmelt. Due to snow falling

More treated municipal waste water is now produced in at higher levels during storms, more precipitation
California than is being reclaimed, yet water reclamation would fall in the form of rain-producing direct runoff,
is increasing. In 1985, about 250 TAF was reclaimed. At and lesswould be held over until spring as snow. This
present, hundreds of thousands of acre-feet of treated means less snowmelt runoff and more winter flood
water are discharged to the ocean every year. By 2010, un- runoff.
der favorable conditions, statewide use of reclaimed wa-̄ This would be of .concern since averageter could reach 500 TAF annually, as urban watermanag- April-July runoff is about 14 MAF, or about 40 per-
ers continue to seek opportunities to use reclaimed water cent of the estimated total statewide net water use of
in-lieu of water of drinking quality. The greatest incen- 34 MAF. Loss of one-third of this natural regulation
tives for expanded reuse occur where 1) treated waste dis- is 3.5 MAF, which then would have to be replaced by
charge is limited by regulation, 2) treatment plant capacity new water storage facilities or a reduction in water
is being exceeded, 3) potable water supplies are being fully supply yield.

used, or 4) potable water is expensive. ¯ " Sea-level rise. The current rate. of sea-level rise is
probably about 0.7 feet per century along the Califor-

Long-Range Weather Forecasting nia coast based on San Diego and San Francisco tide
gage records. The rise has been fairly Constant during
the past 50 years and does not show acceleration. AAccurate advance weather information--extending study conducted by EPA investigated the conse-

weeks, months, and even seasons ahead--would be in- quencesof a 3.3-foot rise, which would be substantial.
valuable in planning water Operations in all types of years However, such a rise probably could not occur until
-- wet, dry, and normal. Had it been known, for instance, some years after 2050.
that 1976 and 1977 were to be extremely dry years or that
the drought would end in 1977, water operations could̄ In the Delta, a rise to the higher level would be very

ha@ been planned somewhat differently and the impacts
significant because of the poor levee systems. Any

of the drought might have been lessenedl rise could cause some problems. However a minor ri-
se-an extension of current rates--could be toler-
ated. A major rise, however, would cause significant

The potential benefits of dependable long-range weather problems both in the Delta and along the shores of
forecasts could probably be calculated in hundreds of rail- San Francisco Bay.
lions of dollars, possibly even in billions. The value would
be national. For this and other reasons, research programs

¯ The effect of higher sea levels shows up mostly during
storms, when the risk of extremely high tides is in-

to investigate and develop such forecasting capability creased,~ and formerly uncommon events becomefre-
would most appropriately be conducted at the national quent. This could cause a shift in the frequency of ex-
level. The National Weather Service and the Scripps Insti- treme events. The rare once~in-100-years event
tute of Oceanography are engaged in making such fore- could become a 10-year event. The other effect of a
casts. However, their predictions are not sufficiently tell- higher sea level is increased salinity intrusion due to
able for project operation, increased channel depth. Probably enough silt comes

down the Sacramento River system to offset a small
rise in sea level.in the upper estuary (especially in

Global Warming (Greenhouse Effect). in 1988, the issue of Suisun Bay)t. It is suspected that the effects on salinity
global warming was widely publicized by articles in maga- intrusion would be less than that caused by the deep
zines and newspapers and by a series of Congressional water ship channels, unless the rise exceeds 1 foot.
hearings. This widespread interest was undoubtedly
abetted by the warm summer and the 1988 drought. Therē Warmer temperatures would also affect crop patterns

and, thereby, water use. The biggest factor is the po-was, and still is, a perception by much of the public that tential reduction in frost damage, but warmer tem-
"something is wrong with the weather.’! The greenhouse peratures could put added stress on some crops (as
effect offers a possible, although controversial, explana- well as many of our forests and native plants). These
tion. changes would permit expansion of some crops, such
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as citrus fruits. There may be some additional agricul-. Export Service area--would be served under the new wa-
rural problems because of more smog. Higher airter contracts, Reclamation has prepared an environmen-
temperatures promote smog, producing reactions intal impact statement (EIS) for each area.
the atmosphere.

In late 1988, Reclamation distributed three draft EIS’s for
¯ Change in water use. Higher temperatures would also public review. These drafts disclose probable impacts ofincrease evapotranspiration. This may be offset

somewhat by lower plant water use as a result of high- selling available and uncommitted water from the Sacra-

er CO2 concentration. The plants do not have to openmento and Trinity river diversions of CVE
their pores as widely to receive the CO2 needed for
photosynthesis. Most observers think the net effect ofBecause of the overwhelmingly negative comments on
higher temperatures and increased CO2 will be high-the draft EIS’s received by Reclamation, it has begun revi-
er water consumption, although perhaps not a largesion of the documents where appropriate. Completion
change, dates for the revised drafts are uncertain at this time. The

potential cumulative effects of the water contracts will be
¯ Potential change in rainfall patterns. Although more very nearly the same as the COA effects in the following

precipitation would be expected worldwide becausesection.of greater evaporation, it probably wi!l not be evenly
distributed. If the winter storm track is shifted farther
north, consequences for California would be serious,Water Supply Reductions
because we depend onthe southern movement ofin Southern California
these storms for much of the winter rain and snow.
Rainfall predictions from the global circulation rood- Rapidly growing Southern California, wittt its existing wa,
els are probably not reliable.-There may be some com-ter development facilities and successful legal challengesfort in the fact that known predictions show little -
change in annual precipitation. Some models do showto sustain or expand its supply, faces increasing dry-year

drier springs, however, which would compound thewater deficiencies.
loss in spring runoff.

~ Southern California gained an estimated 350,000 new res-
Ort the other hand, despi~e drought years, the total wateridents during 1988-89, and the area contains five of the
year runoff of the Sacramento River has risen during re-nation’s 10 fastest-growing counties. In addition to the-
cent decades, problem of population growth, the area wilt soon have to

.adjust to reduced water supplies from both the Colorado
Reclamation Water Contracting Programs River and the eastern Sierra.

Since 1979, Reclamation had imposed a moratorium onColorado River Supply. Priorities for use of Colorado River
new long-term contracts for uncommitted water from the water in California are based on the 1931 Seven-Part
CVP because of concerns about environmenta! and waterAgreement as modified in 1964 by the U.S. Supreme
quality effects in the Delta. Court’s decree inArizona vs. California. With the Central

Arizona Project on line, California can no longer depend
The Coordinated Operating Agreement (COA)~enacted on receiving mo~e. than 4.4 TAF of Colorado River water
in 1986 requires the CVP, .m conjunction with the SWP, toper year. As the junior appropriator, MWD is limited to
operate in conformity with State water quality standards550 TAF per year of fourth-priofity water plus half of any
with few exceptions. This action has lifted the moratori- surplus flows on the lower Colorado River. After deduct-
um, and Reclamation is now able to resume long-terming allotments for three Indian reservations, miscella-
contracting of available and uncommitted water from theneous present perfected fight holders, delivery system
CVP. The law, however, requires an EIS, because enter-losses, and possible further fights for water to Indian
ing into new long-term contracts is a major federal action tribes, MWD could be reduced to about 360 TAF per
that may have significant effects on the environment inyear--down from a recent use averaging 1.135 MAF per
such areas as fisheries and wildlife, energy, land use, pop-year.
ulation, housing, and related social effects. :

Reduction of water supplies will potentiaily increase Del-
Because three distinct areas--the Sacramento River Ser-ta export and inflow, decrease outflow, reduce water qual-
vice area,.the American River Service area, and the Delta ity protection, and increase fish screen losses.
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Eastern Sierra Supplies. For several years, environmental- books--which are mainly designed to capture excess win-
ists have been attempting to overturn permits and licensester flows for storage south of the Delta (Delta improve-
issued to the Los Angeles Department of Water and Pow-ments, KWB, LBG)--are estimated to increase the total
er (LADWP) to divert water from Mono Lake. Finally, in SWP supply to between 3.5 and 3.7 MAF. The NDP can
August 1989, a Superior Court ruling mandated drasticfacilitate de!ivery of additional supplies but, by itself, will
cuts in the City’s diversions and later, a change in the wayadd only small incremental amounts to the other related
that LADWP was preparing to return the increased flow projects.
Mono Lake.

Finally, two recently signed bills will set aside $390.8 mil-
LADWP had been diverting up to 100 TAF per year from lion to help resolve a number of the State’s water-related
the Mono Lake Basin, about 17 percent of its annualissues. Together, the bills form the EnvironmentaIWater
needs. The recent ruling will reduce the diversion sub-Act of 1989~ Principally designed to protect the sensitive
stantially, although a final determination has not beenecology of Mono Lake, the Act provides as much as $60
made. LADWP will probably have to rely more on its ex- million to replace water and power supplies lost by
isting contracts with MWD. LAWPD in preserving the lake.

The reduced water supplies from both the Mono Lake Ba- Local Upstream Increased Use
sin and the Colorado River will mean that eventually
MWD will have to obtain additional water supplies else- As growth continues in the northern California region, lo-

where. There are, however, several problems: cal water development and use will increase. This could
’ reduce strearrfflow available for export unless additional

¯ MWD’s largest source, SWP, has not been corn- storage facilities are added. Increased upstream use can
pleted, and environmental concerns in the Delta maypotentially reduce Delta inflow and exports, and reduce
impede additional deliveries, instream fish and wildlife benefits.

¯ MWD relies on ground water for about one-third of Upper Sacramento River Fisheries and
its supply. Expansion of this supply is limited, and cur-Riparian Habitat Management Planrent supplies are threatened by contamination and
more stringent health standards. State. Severe declines in salmon and steelhead popula-

¯ A third source, large-scalewaterprojects, is either af- tions and riparian habitat over the past four decades
fected by environmental concerns or negative publicprompted the California Legislature to enact 1986 legisla-
sentiment, tion calling for ~reparation of a fisheries and iiparian

habitat management plan for the Sacramento River, from
Environmentalists have suggested that current suppliesKeswick Dam to the mouth of the Feather River. The act,
be used more efficiently, for example, water conservation,SB 1086, created an advisory council composed of 25
waste water reclamation, and re-allocation of water sup- members from federal, State, and local agencies and envi-
plies from agriculture to urban use. ronmental, fishery, and landowner groups.

In this regard, MWD has agreed with the Imperial Irriga- About 150 years ago, the Sacramento River was bordered
tion District to fund conservation measures in exchangeby up to 500,000 acres of riparian forest, with bands of
for an estimated 100 TAF Of water that would be saved2 vegetation spreading 4 to 5 miles. As agriculture and ur-
MWD is working on a similar project with Reclamation to ban areas developed along the river, the riparian vegeta-
line the All-American Canal in exchange for the water tion was gradually reduced. Today, less than 5 percent of
saved. The District has offered to buy Colorado River wa- the original acreage remains. "
ter from Palo Verde Irrigation District in dry years and is
exploring a contract with Arvin-Edison Water Storage Riparian lands pr.ovide a highly suitable and often critical
District to store water underground during wet years for habitat for a wide array of birds, mammals, and other wild-
extraction in dry years, life. State and/or federal threatened or endangered spe-

cies include the bald eagle, western yellow-billed cuckoo,
Beyond year 2010, development of new water projectsSwainson’s hawk, and the valley elderberry beetle, which
may be the only way to obtain reliable and adequate wateris endemic to the Central Valley. Species of special con-
supplies. The State-sponsored projects remaining on thecern include the bank swallow and the California hibiscus.
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The area also provides habitat for raptors, migratorybirds, Council to facilitate implementation of the manage-
wood ducks, and other waterfowl, merit plan.

Goals and policies identified by the advisory council are:The various potential projects on the upper Sacramento
River can decre~i~e Delta outflow, increase Delta exports,

¯ The habitat protection plan would reestabIish a con-reduce water quality protection, and significantly improve
tinuous riparian ecosystem along the river betweenDelta fisheries.
Chico and Redding and reestablish riparian vegeta-
tion along the river from Verona to Chico, consistent Federal. A $185 million measure to restore fish popula-
with the Sacramento River Flood Control Project. tions in the Sacramento River over the next 10 years has

been introduced in Congress. Part of the money would be
¯ The Advisory Council’s intent is to give the highestused to build new fish ladders and more effective fish

priority to a fishery restoration plan that will protect, screens at the Red Bluff Diversion Dam and the Ander-restore, and enhance wild strains of salmon and steel-son-Cottonwood Irrigation District Dam. Part of the-head.
funds would be used to increase the quantity and quality

¯ Actions that will maximize habitat, restoration for of gravel used for fish spawning and rearingbetween Kes-
naturally spawning salmon and steelhead will bewick and Red Biuff Diversion dams.
given second priority. Natural production is intended
to be limited only by the carrying capacity of the natu- Some of the funds would be used to update and expand
ral ecosystem, the Coleman National Fish Hatchery near Retiring, to

d0nstruct new hatcheries, and to build a $50 million device
¯ Artificial production will be limited to actions that at Shasta Dam to help control downstream water temper-

will fully compensate for fish populations that existed atures, which have devastated the salmon run in recdntat the time their historic habitat was permanently lost
due to blockage by construction of dams or other hu- years.
man actions.

The funds would also be used to reduce the level of toxic
¯ This plan should provide measures necessary to mini-zinc and copper leaking from the Iron Mountain Mine

mize fish losses due to entrainment, predation, andcomplex into the Sacramento River and to improv.e fish
other hazards associated with diversion of water from screening at the Glenn-Colusa Irrigation District diver-
the upper Sacramento River and its tributaries. Suchsions headworks.
measures may include installing fish screens, reduc-
ing diversions during critical periods, or relocating di-Mitigation Banking
version points to avoid conflicts with fish populations.
The owner of the diversion is not responsible forThe mitigation~banking concept is still in its infancy and is
costs. When existing State laws require the owner of not fully defined. As now applied, the concept involvesa diversion to help pay for these measures, the owner"wetlands" and "wetlandsbanking"; in the future, ho.wev-will be expected to participate,

er, this concept_could be applied to other ecosystems, ~uch
¯ State and federal legislation should be enacted asas oak woodlan~ts, n~tive grasslands, forests, etc.

soon as possible to provide authority and funding
needed to implement the actions contained in thisIn January 1987, DFG adopted the Wetlands Resources
management plan. Policy, which states that".. it shall seek to provide for

the protecti9n, preservation, restoration, enhancement,
¯ The State of California should commit the necessaryand expansion of wetlands habitats." Mitigation measures

funding from a combination Of Proposition 70, Propo- for unavoidable impacts to wetlands must therefore result
sition 99, and other sources to meet the State’s sharein no net loss of either wetland acreage or wetland habitatof the costs,

values.
¯ The fishery and riparian habitat measures contained

herein should be implemented in general confor-DFG recognizes that in some projects it is not always pos-
mance with the priorities indicated, sible to avoid impacting wetland habitat and that on-site

mitigation is at times infeasible or undesirable from a bio-
¯ State and federal legislation should be enacted tological perspective. DFG has provided definitions perti-

authorize an Upper Sacramento River Advisory nent to wetland mitigation banks in a December 1989
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Draft publication, Guidelines for Establishment and Use of ¯ DFG consults with all resource conservation agencies
Wetlands Mitigation Banks. The definitions are as follows: and permitting authorities.

¯ "Qualified Wetland Mitigation Bank. A single contig:
Consideration of the potential wildlife mitigation oppor-

uous parcel of land consisting of non-wetland habitat,
tunities available for present and future water develop-

which has undergone those physical changes neces-merit projects under the WDWMP may result in the appli-
sary to create and optimize the acreage and quality ofcation of the mitigation banking concept and plan
.wetland h~bitat on the site for the express purpose ofdiscussed on pages 169 and 170.
providing mitigation credits to offset the adverse ira-

. pacts to wetlands from approved projects elsewhere. The ~mitigation banking concept has the potential, when
considered cumulative with other project(s) to reduce the

¯ "Bank Developer. A legal entity empowered to ac- total environmental impacts.
quire land, to create or restore and maintain wetland
habitat upon that land and to operate said land as aSan Joaquin Valley Agricnltural
qualified wetland mitigation bank pursuant to an op-Drainage Program
erations agreement with DFG. The Bank Developer
may employ an agent(s) to actually operate the miti-Current agricultural drainage Conditions on the west side
gation bank, provided that said agent(s)has been ap-of the San Joaquin Valley present three basic problems: 1)
proved by DFG. salt balance, 2) water balance, and 3) toxic Or potentially

toxic trace elements in subsurface agricultural drainage,
¯ "Project Proponents. Public or private entities acting which, whe~ discharged to streams, ponds, or wetlands

on their proprietary or management Capacity, whichcan adversely affect fish and wildlife.seek to implement a project that would unavoidably
and ad~;eiisely impact-wetlands and which seek toThe severity of the toxic problem became known about
compensate for the loss of the wetland acreage and/
or wetland habitat values through participation in a1983, with the discovery of deaths and deformities of wa-

ter birds, which were linked to high selenium levels inmitigation bank.
agricultural drainage water at Kesterson Reservoir.

¯ "Mitigation Credit. A unit of measured area support- In mid-1984, Reclamation, USFWS, USGS, and DFGing wetland habitat and wetland habitat values not
preexisting at the bank site prior to bank develop-formed the San JoaCluin Valley Drainage Program
ment. Each such unit shall have been assigned a habi-(SJVDP) to investigate drainage problems and identify
tat value by the DFG in consultation with other ap- possible s01ut~-ons. The four goalsof the SJVDP are to:
propriate ~esource agencies."

¯ minimize potential health risks associated with sub-
The impacts Of projects on wetlands may be offset by a . surface agricultural drainage water;

wetland mitigation bank ff DFG determines that the fol-¯ protect existing and future reasonable and beneficial
lowing conditi0ns have been met: uses of surface and grouhd water from impacts asso-

ciated with drainage water;
¯ the project is the least environmentally damaging;                 ~ "

¯ protect, restore, and, to the extent practicable, im-
prove valley fish and wildlife resources; and¯ on-site mitigation is either infeasible or undesirable;

¯ sustain the productivity Of farm land on the west side
¯ no suitable mitigation site exists closer to the point of of the San Joaquin Valley.

impact;
In 1987, the SJVDP narrowed its focus on planning alter~

¯ the project is located no mo~e than 40 aerial milesnatives for solving drainage problems to measures that
from the bank site and DFG has concluded that acould be taken within the valley itself. In 1989, the SJVDP
lesser distance is not needed to assure effective com-published a report on. preliminary planning alternatives,
pensation for affected species; which would consist of combinations of drainage manage-

-: - - ment strategies failing into seven categories:
¯ the project sponsor obtains atl necessary permits and

written statements from all permitting agencies that¯ source control to reduce drainage from individual
use of the selected site is acceptable;.and farms;

248

C--071 381
C-071101.282



¯ management of shallow water tables by pumping; In many years, only enough water is released into the San
Joaquin River to supply downstream canals and some of

¯ treatment of drainage water; the riparian pumps.

¯ reuse of drainage water; : Recently, local interests haveindicated that the Rec!ama-
tion should re-operate the project and inStall some facili-¯ disposal of drainage water in the valley;
ties to restore and enhance downstream flow arid habitat.

¯ fish and wildlife measures; and Reclamation is committed to work witli State and local in-
. terests on a San Joaquin River Basin fishery recoyery pro-

¯ institutional changes, gram.

Drainage-water reduction and disposal methods includeSan Joaquin River Comprehensive Program.: A program has
irrigation improvements, reuse of drainage water forbeen started to develop environmentally compatible solu-
propagation of eucalyptus trees and Saltbrush, and limitedtions to water supply and flood control problems of the
drainage-water storage in ground water and disposal inSan Jdaquin River. Actions that Will enhance fisheries,
evaporation ponds. Discharge to the San Joaquin River iswildlife habitat, and recreation without adversely affect-
included for selenium-free areas or’where drainage con-ing water supply and flood control will be identified. In
taining selenium can be safely assimilated by thg river.September 1989, several agencies and other interested
The alternative also involves actions to protect publicparties met to discuss program objectives and the forma-
health and to protect and restore fish and wildlife, includ-tion of work groups.
ing provision of fresh water supplies conserved from irri-
gation improvements for use on existing wetlands andSuisun Marsh Planning And Implementation
wildlife areas.                              .    .

Suisun Marsh in southern Solan0 Countycomprises aboutDWR is collecting data and preparing studies on reuse
1i6,000 acres. It supports as many as 200 species of wild-

and disposal of agricultural drainage water in the Statelife.The brackish water in Suisun Marsh fosters plants
service area. Analyses emphasize trace elements, such asand provides habitat for wildfowl.
selenium and arsenic, because of their potential adverse ¯

effects on water supplies and the environment. Other wa-The marsh’s salinity affects the wildlife food chain, and
ter quality parameters, such as nutrients, do not appear tothe Sacramento’San Joaquin Delta Outflow affects the
be a problem and are analyzed less frequently, marsh salinity.. DecisiOn 148~ requi~ed DWR and Recla-

mation tO develop a plan to meet specified water qualityTo determine selenium concentrations in the State ser- ¯
standards within the marsh. Initial facilities were com-vice area, DWR has increased its selenium data collection

and is working with USGS to investigate shallow groundpleted in 1983, and a coordinated protection plan for

water in the Tulare Lake Basin. Together with informa- Suisun Marsh water quality was developed, The protec-

tion on applied irrigation rates,-cropping patterns, soiltion plan, published with an EIR in 1984, ir~ciudes:~

types, and precipitation, these data are being evaluated to
identify possible trends in selenium !eaching. ¯ a program to construct (as required) a major tidal

~ pumping station, three conveyance channels, and one
¯ ~ additional distribution system; and ~ : ’ ’ ’

San Joaquin River Basin Planned Development
¯ a system to monitor compliance with. water quality

Development in the form of water transfers, new projects, standards and measure the performance of the facili-
enlarged projects~ re-operated projects, and new studies ties constructed. The monitoring plan has been im-
continue in the San Joaquin River Basin~ plemented.

Mokelumne River Basin Study. See New Melones Conjunc-In March 1987, DWR, Reclamation, DFG, and the Suisun
tire Use Program. Resource Conservation District signed the Suisun Marsh

Preservation Agreement. The agreement includes defini~
Friant Dam and Lake Millerton. Friant Dam was con- tions of marsh water quality standards and construction
structed by Reclamation in 1948. The enabling legislationstaging, as well as details for implementing the Plan of
said nothing about protecting fish and wildlife resources.Protection.
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DWR has been evaluating the effectiveness of the Suisunloan and grant program. The Department of Health Serv-
Mar.sh salinity control gates facility in maintaining lower ices, after public notice and hearing and with the advice of
salinity levels in the marsh’s interior channels since theDWR, will establish a priority list of projects to be consid-
gates began operating in October 1988. There was an im-ered for financing under this law. At that time, new appli-
mediate and dramatic reduction in salinity levels in thecations will be invited.
eastern and middle reaches of Montezuma Slough, and
although Iess dramatic, lower salinities were observed inThe Water Conservation Bond Law (1984) provides funds
the western reach just above Grizzly Bay. This westernto DWR to be loaned to irrigation districts, water agen~
reach did appear to be vulnerable to encroaching saltscies, and municipalities at low interest rates for use in
over extended periods of low outflows and strong tidalcost-effective, capital outlay water conservation pro-
currents. Further evaluation will be necessary beforegrams. The maximum loan has been $5 million fo~ a single
DWR can determine the full impact of the operation onproject, such as lining a distribution canal and replacing
the entire western portion of Suisun Marsh. distribution mains. The Safe Drinking Water Bond Law of

1986 added ground water recharge projects and feasibility
DWR is conducting this evaluation in cooperation withstudies as qualifiers for Idans. Funds provided under the
the other parties of the Suisun Marsh Preservation1984 law are committed, and DWR has adopted a priority
Agreement (DFG, Reclamation; and the Suisun Re-list of applicants for funds provided under the 1986 law.
sources Conservation District). SWRCB has agreed that
DWR and Reclamation can operate under the agree-The first water conservation project completed under the
menCs Interior Marsh Deficiency Standard through the 1984 law was the Sand Trap Siphon Project, dedicated in
test operation of the control gates and development of cri-June 1988. Georgetown Divide Public Utility District re-
teria for the most effective operation. " ceived $469,000 for this project. An inverted siphon was

According to the agreement, DWR is to operate the gatesconstructed tO replace a section of unlined ditch. This

for three years and monitor their impact on marsh salini:project is exRected to save 1,045 AF of water each year.

ties. The data, along with information gained from run-
ning an upgraded Suisun Marsh.stage and salinity model,’ A new Water Conservation Bond Law of 1988 (Proposi-

will be used to determine the need and potential effec-tion 82) received voter approval in November 1988. The

tiveness of additional marsh facilities. If DWR finds that program provides for a bond issue of.$60 mi!lion for local

additional facilities are needed to maintain marsh salinity,water project assistance, water conservation programs,

the next stage is to be in place by October 1, 1993. and ground water recharge facilities. Of the $60 million~
total, $40 million will be a continuation of or similar to

General Obligation Grant and Loan Programs Proposition 44 of 1986, and $20 million willbe made avail-
able for loans to local agencies for purposes that include

Since 1976, DWR has been involved with two loan and’ development of new basic.water supplies.
grant programs to assist counties in upgrading their water
systems: the, Safe. Drinking Water Bond Law and theTable 6-2 summarizes current general obligation bond
Water Conservation Bond Law. programs of DWR and Department of Health Services.

The Safe DrinkingWater Bond Law has provided loans Cumulative Impacts on Bay-Delta Estuary
and grants to bring domestic water systems up to drinking Based on DWR Bulletin 160’87water standards. Substituting pipelines for open ditches is
one method of improving water quality, and has the addi-
tional effect of reducing conveyance losses. After Propo- Analysis 0fprojected water demand and supply balance in
sition 55 (SafeDrinking Water Bond Law of 1986) passed, the service areas can be a~measure of future cumulative

1,976 applications for~funds were received; 237 applicantsimpacts of NDP when combined with other projects. Table
were invited to submit final applications. The bond funds6-3 shows applied and n.et water use in different regions of

are over-subscribed, however, and new applications arethe State asreported in DWR Bulletin 160-87,California

not now being accepted. ¯ Water: Looking to the Future, November 1987.

proposition 81 (November 1988 ballot) provided an addi-Net water uselis lower than applied water because it takes
tional $75 million to continue the Safe Drinking Waterinto consideration the substantial reuse that commonly
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Table 6-2
Overview of DWR and Department of Health Services

General Obligation Bond Programs

Principal I                           ]Program Name $ AmountI Description Terms

Safe Drinking Water Bond 145,000,000L Loans up to $1,500,000 to bring Loans up to 50 years at
Law of 1976 (Proposition 3) 30,000,000G domestic water systems up to State’s general obliga-
June 8, 1976. AB 121/Ch.1008/175,000,000T drinking water standards. Grants tion bond interest rate.
1975 (Proposition 9) up to $400,000 to public agencies
November 4, 1980. unable to repay a loan.
AB 2404/Ch.252/1980 ’

Safe Drinking Water Bond 50,000,000L Loans up to $5,000,000; Same as Proposition 3,
Law of 1984 (Proposition 28) 25,000,000G Grants up to $400,000; except interest rate
November 6, i984. 75,000,000T Same purposes as reduced as per
AB 2183/Ch.378/1984. Proposition 3. Proposition 55.

Safe Drinking Water Bond 75,000,000L Same as Proposition 28. Same as Proposition 3,
Law of 1986 (Proposition 55) 25,000,000G Investigation loans and grants up except intereit rate at
November 4, 1986. 100,000,000T to $25,000 each also available half State’s rate.
AB 2668/Ch.410/1986 Reduced rate

retroactively applied to
Proposition 28.

Safe Drinking Water Bond. 50,000,000L Same as Proposition 55. Same as Proposition 55.
Law of 1988 (Proposition 81) ~25.000.000G
November 8, 1988 75,000,000T

Water Conservation Account 10,000,000 Loans ’up to $5,000,000 for cost- Up to 25years, at half
¯ Clean Water Bond Law of 1984+ 500,000 effective capital outlay water State’s general
(Proposition 25) November 6, for conservation projects to public obligation bond interest
1984. AB 1732/Ch.377/1984. administration agencies rate:

Water Conservation and Water75,000,000 Loans up to $5,000,000 for Up to 20 years at half
Quality Bond Law of 1986 (A) cost-effective capital outlay State’s general
(Proposition 44) water conservation projects, and obligation bond interest
June 3, i986. (B) ground water recharge projects,rate.
AB 1982/Ch.6/1986. Feasibility study loans up to

$100,000 each also available.

Water Conservation Bond 60,000,000 $40,000,000, same as Proposition Same as Proposition 44.
Law of 1988 (Proposition 82) ¯ 44. $20,000,000 is for loans to
November 8, 1988 develop new basic water supplies.

1 L = Loan; G = grant; T = total.
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water use, which generally reflects population growth, is
expected to increase. The increase in projected net water
use is substantial in all regions. " water S~pply and Water Needs. Update

Table 6-4 shows statewide water demands for recent and Seyeral ¢E~nts have _occurred mnce Bulletin 160-87 was
near-future levels as repot.ted in Bulletin 160-87. Except publi;hed--Whi~l~’pla~:a~ additional bUrden~oa

for the Central Valley Project, developed but uncom- attempti_n~to keep pace with the incre~}i,~ng needs f_o_r wa5_
mitted supl~lies are relatively small. Some of the 1.4 MAF te}in ~’~orn]~ These~;er~ts will al~o ~c~i;~ate ~he

deficit can be met from the uncontracted CVP project need to i~pler~nt the Delta Water M._aEag~ment plans,
wate~ ba~fig-~’rograms and conse~tio~ a~[ibit-ieS

supplies. The remainder can be satisfied from a variety of ommended in i~ulteti~ 160~87. The- most significant-of
other sources, these eve~¢s ar~ described below. - -

For the SWP, the present dependable supply is about 2.4 Population Increases. I~ 1985, the
MAF. Projected near-future water requirements for the o~ ~(DO._F).. p~-~e~i36..3 rdiiiidn p~opie {i~
swP service area ar~ about 3.6 MAF, assuming 1) 250 Interim prdjecti~nS in early 1990 by DOF iii~ag~iTtii~
TAF of water conserved in the Colorado River Basin be- 2010 pr@tion~to39.4 millio~. This number will be fur-
comes available, 2) an increase in waste water reuse of 200 ther revisg0, when the results ,of the ~0 cenaus :azeg~-gig.
TAF in the SWP service area, and 3) continuing water able¯ Wi~tt"~he ~i°~seni populatio~at ~0 rn]~li~, this~late_Sto
conservation measures, Under those assumptions, exist- project~oo:~eaNs~_Cahfornm wall be adding an-aver~ge

ing SWP facilities would have a deficit of dependabIe sup- nearly 500;000 ihb:dple per year for the next 20 years-.., in-
cre_ases dugi~ng th_e past three years have. considerably ex~plies in the near future. First and later phase facilities ceeded that’ rate~ _adding up to about 900 TAF in new supplies are: .~ o_ -
Using the same~a:~sumptions as in Bulletin 160-87, i.ei, ira-"

South Delta facilities,                                       "plementafiqn of e_~tensNe urban water.c~onser~ati0~-mea:
sures, a~.~ansfer of agricultural waif} s~upi~ly tO ~urban¯ North Delta facilities, uses whe@ncrbfichment Onto agri~u]~u_r_al lan~dslis proj~-

¯ Los Banos Grandes Reservoirl ected, ao~millidnincreaseinpopulatfdnintheStii}eWd-
ter Project g~rvice area increages net ~ter u~e by at least.

¯ Kern Water Bank, and 120,000 ac~afeg~_~per~y~ar. With the~2010"ih0~utatipn
--theSWP ~-c~j-~rea prdjeet0.~l"tS be ~.~ ~niiii0n

¯ Purchase of interim CVP supplies, morethan~Bu~t]etin 160287, we e~xpect wa~er n-eeds to be
276;000 a~-fe~greaiar {han-~:l;g-~ot~Zs)i~i~r~]~Ct~~tl .....

Figur~ 6-2 shows the percentage Of years in which de-
pendable supplies will be available with existing and. Supply Reduetions:" In Bulletin 160-87, rio t&tffetion in
planned facilities. With the additional facilities,, depend- ply for Los.Ang~e_!_es froim the Mono ~keyO~.ns V@_ey
able water Supplies will increase about 900 TAF per year system wa~-~s~ufi~-d ~te to uncertainty ~g the S~tuation

and will meet near- future water requirements 90 percent - that time. -~s~. _ a ~.~.re~sult: O~recent. court, decisions~, ......i~ad agree-.~_~..~.
merits, it ai~)eaN-2the average annual supply available toof the time.
the Sg_uth. ~oas! ~egign will he.reduced.bY.about

A need for dependable supplies amounting to as much as acre-feet per year.

0.4 MAF in a given year would remain after the major fact- Ground Water Contamination. No reduction-’~n thg 1985
lities and actions listed above are implemented. This level ofgro ~ d water usage in the South C~as(re~i~ ~iue
would notbe a chronic shortage, but a shortage that could to contami~a-~tidnwas aS~u .r0-ed in Bulletin 16~-;8Z Siiice
occur in dry years. A temporary shortage of this magni- . then, sever~i wells have been taken out of production it~
tude may well be manageable, with extraordinary conser- the San_: ~Fdr" an o~V_alley,~    _ _ and~ widespread.            .contamination.
vation efforts (measures taken only during times of from~ewag-~2_andlc~owmanur-e from dairy herd~in t_he$:an-
drought) and such actions as water marketing, waterbank- ta Ana Rii?e~ w&~rshed threaten the water supply for 1.5
ing, or extra withdrawals from ground water storage, million pe(~e, i~)~thoughpmgrarasf-or ~lean_-Ulh0fthe.

contami:n~d w~r are planned o) u~derway, a ~:~du~ti~n
Not all the water resources activities listed in Table 6-5 °~tn the usab~an~]si~]~l~i)~averaging~t ieasi

feet by 201_Q~ap~ e~rs to be a r~easonaNe_as~umption.will be implemented in the near future, and some will ex- . ........~ !~.~: .~
tend into the future--beyond the scope of current state- ~~ ~~ .... ~

wide water resources planning. Just how all these activi-
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With Planned J

PLANNED ADDITIONS:

,~ Interim CVP Supply Purchase
1 I Kern Water Bank

Los Banos Grandes Reservoir

~ South Delta Facilities
North Delta Facilities

0
100 90 80 70 60 50 40 30 20 10    0

PERCENT OF YEARS IN WHICH AVAILABLE

Figure 6-2. SWP Water Capability With Existing Facilities and Planned Additions

tend into the future’beyond the scope of current state-̄ use of natural inflows by:upstream and Delta agricul-
wide water resources planning. Just how all these activi- tural and urban development;
ties interrelate is difficult to project. However, certain ¯ Deita diversions by the CVP, SWP, local Delta mu-
assumptions can be made to combine actions with mitiga- nicipal and. industrial water users, and Delta agricul-
tion and thus produce favorable effects on the cumulative tural water users;
impacts of NDP. Other assumptions could combine ac-
tions without mitigation, thereby producing adverse im,̄ levee failures in the Delta;

pacts. ¯ wavewash erosion caused by boat traffic;

In addition to SWP and CVP water planning actions,¯ direct diversions and thermal, pol.lution of power
many factors have affected, and will continue to affect, plant operations;
the estuary cumulatively. Among these are: ¯ increased urbanization around San Francisco Bay-

¯ and reclamation and bay fill; Delta area, leading to loss of valuable wildlife habitat.

¯ sediment load from early g0id mining activity; ¯ agriculturai practices and Crop patterns that decrease
¯ toxic chemical, pesticide, and waste water pollution the value of the Delta to wildlife;

from cities, farms, and boats; ¯ levee maintenance programs iri which riprap replaces
¯ concentrated salt loadings from irrigation and soil riparian habitat; and

leaching agricultural activities; ¯ upstream storage-and regulation of natural inflows by
¯ commercial, sport, and illegal fishing; the Hetch Hetchy Aqueduct, Mokelumne Aqueduct
¯ construction and maintenance of ship channels; project, CVP, SWP, and others:
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Table :6-3
Regional Use of California’s Developed Water Supplies, 1985 and 2010

in 1,000s of acre-feet

Applied Water              Net Water Use
Regions                 Recent Near IChange RecentI Near[Change

Deliveries Future          Deliveries Future

San Francisco Bay and Central Coast 2,780 2,980 200 2,450 2,640 190
South Coast 4,040 4,700 660 3,760 4,360 600
Sacramento River : 8,700 10,110 1,410 7,480 7,830 350
San Joaquin River and Tulare Lake 18,690 19,270 580 14,550 15,010 460
Colorado River 3,930 3,710 -220 4,030 ’ " 3,690 -340
Remaining Regions 2,320 2,460 140 1,950 2,090 140

State Totals’ 40,460 43,230 2,770 34,220 35,620 1,400

Table 6-4
Projected Water Demands (in millions of acre-feet)

Recent Near Future Change
Source of Supply Net Use Net Use

Local surface water ’ 9.2 9.2 --
Ground water safe yield 6.0 6.1 0.1
Federal Central Valley Project 7.0 7.8 0.8
Other federal sources ’ " 1.3 1.3 --
State Water Project 2.4 3.2 0.8
Colorado River 5.0 4.2 -0.8
Local agency imports (excluding the Colorado River) 1.0 1.1 0.1.
Reclaimed waste water 0.3 0.5 0.2
Ground water overdraft 2.0 1.8 -0.2
Other sources -- 0.4 0.4

Totals 34:~ 35.6 1.4
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Table 6-5
Potential Future Cumulative Effects of North Delta Water Management Facilities

and Potential Related Pro, iects or Actions on the Bay-Delta Estuary,

Project or Action Potential CumulatNe Effect

State Water Project Additions Increase present dependable supply from 2.3 MAF to 3.6 MAF 90 percent of the time.
to Year 2010 Temporary 0.4 MAF shortage expected 10 percent of the time to be managed by,
¯ Delta Pumps extraordinary conservation and water management measures. Improvements in
¯ Interim CVP Purchase Delta flow patterns and operational flexibility can reduce fishery impacts and improve
¯ Kern Water Bank drinking water quality. Delta flood protection including protection of valuable wildlife
¯ Los Banos Reservoir habitat. Net decrease in Delta outflow.
¯ South Delta Program
¯ North Delta Program

Water Conservation Increase emphasis on these measures to meet future water needs. By 2010 conservation
Water Reclamation will reduce annual demands and Delta exports by 1.3 MAE Waste water reuse will in-
Water Transfer crease annually to further reduce diversions by 200,000 AE Calaveras-Stanislaus Con-
Water Sharing junctive Use Program could provide improved Delta inflow and water quality. Increas-
Conjunctive Use ing population, loss of Mono Lake and Colorado River supplies and ground
Desalination water contamination will further accelerate acceptance of these measures.

West Delta Water Management Improvement in up to i0,000 acres of wetlands and diverse habitat for wildlife, including
Program rare, threatened and endangered species. Protection against salinity intrusion resulting

from flooding.

Suisun Marsh Agreement Protection of 110,000 acres of estuary wetlands providing habitat for 200 species of birds
and 60 species of mammals, amphibians and reptiles.

Harvey O. Banks Delta Pumping Significant corrective actions for striped bass, salmon and steelhead. Specifically defines
Plant Fish Agreement DWR mitigation commitment for increased pumping limits. Present actions include

striped bass growing facility and upstream spawning restoration.

Delta Flood Protection Act Increases protection of Delta waters from salinity intrusion due to flooding and protects
valuable habitat including habitat for rare, threatened and endangered species.

Delta Wetlands Project Project planning being conducted by private corporation. Provides added water supply
and waterfowl habitat.

Storage North of the Delta Planning is being conducted for Auburn Dam and Red Bank Project. Storage would
reduce winter and spring Delta inflow and increase summer and fall inflow. Additional
flood control and dry-year salinity protections would be provided.

Upper Sacramento and San JoaquJn.Improved fishery, wildlife, and riparian habitat to cumulatively add to estuary popula-
River Restoration Program tions. Actions could include spawning restoration, water temperature improvements,

hatchery improvements, and installation of fish screens.

Local Upstream Increased Use Protected by area of origin law; however, will cause cumulative reduction of inflow and
Delta outflow.

Drinking Water Quality. Wetland Further continued reductions of Bay pollutants and restrictions of reduced wetlands loss
and Waste Discharge Action due to development. Continued studies and actions to protect drinking water standards.
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Cumulative Impacts of SWP Deliveries plies in the Southern California service area because they
are less than the amount required to compensate for fu-

The State of California has signed contracts with 30 water lure redu_ctions in current supplies (835,000 AF).
agencies throughout the State that require the SWP to
deliver a maximum of 4.23 MAF after 2020. Table 6-6 Numerical estimates of population supported by t~hese
shows projected water deliveries for the SWP at the 2035supplies can be derived:

¯ level.
Area Population

Table 6-6 North Bay 72,000
Projected SWP Water Entitlement Requests, South Bay 202,500

Year 2035 Central Coastal 90,000
San 3oaquin Valley 99,700

Area 1,000 AF Southern California 0

Feather River 40 Total 464,200

North Bay 67
South Bay 188 Because deliveries to the Southern California service
San Joaquin Valley 1,355 area are needed to partially offset future losses of water
Southern California 2,497 supplies, they would not be considered as supporting
Central Coastal* 70 "new" population. Because of the limitations of such a nu-
TOTAL 4,217 merical approach, these numbers are provided for refer-

*The Central Coastal service area’s entitlement has ence only and could be viewed as the estimate of maxi-

been reduced from 82,700 AF to 70,000 AF. mum growth. Water supply and growth-inducing impacts

However, it may be restored to full entitlement are discussed in detail under "Growth-Inducing Im-

in the future, pacts."

As mentioned in the previous section, the additional yieldTo meet the additional deliveries that will ultimately be
of the SWP system at the ultimate level of development isrequested by the SWP contractors, the H.O. Banks pump-
an estimated 900,000 AE. ing diversions out of the Delta will increase. Table 6-7 re-

flect the projected changes in the average monthly ex
If it is assumed that the additional yield is distributed inports from the Delta. Additional deliveries and exports,
proportion to the service areas’ total SWP entitlement,along with reduced carriage water requirements .under
the distribution would be as follows: the preferred alternative will change the overall opera-

tion of the SWP system and its upstream r+lease pattern.
Table 6-8 shows a comparison of the average monthlyAre.___~a Acre-feet

North Bay 14,400 Delta outflow between the no-action and the preferred

South Bay 40,500 alternative. Changes in the monthly outflow are also
shown graphically in Figures 6-3 and 6-4. These figuresCentral Coastal                   18,000 show the frequency of the monthly Delta outflow as proj-San Joaquin Valley                290,700 ected in the 57-year simulation studies of the no-actionSouthern California 536,400

Total 900,00"----~ and the preferred alternative.

Local Government Policies
The Feather River service area is excluded because, as anand Impact Mitigation
area of origin, it will receive its full entitlement with or
without the proposed projects. The Central Coastal en-Approval of any growth in the service areas is the respon-
titlement assumes construction of the Coastal Aqueduct.sibility of county or city governments. If local government
Of the total for the San Joaquin service area of 290, 700 decision makers in the service areas decide to allow addi-
AF, the urban allotment would be about 34,900 AF. And,tional urban expansion as a direct result of the project, a
as mentioned previously, the additional supplies providednumber of environmental impacts may occur. However,
by these projects should not be considered as "new" sup-without control over the use of the delivered water, DWR
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Table 6-7
Comparison of Average Monthly Delta Exports Between

The No-Action and Preferred Alternatives*
(SWP Demand = 4.23 MAF)

Month Total Delta Exports
No-Action Preferred AIt. Difference % Change

(cfs) (cfs) (cfs)

January 12801 12961 160 1.3
February 13373 13347 -26 " -0.2

March 12505 12574 69 0.6
April 11630 12104 474 4.1

May 5490 5492 2 0

June 4772 4615 -1 57 -3.3
,July 7061 6940 -1 21 -1.7

August 7454 7232 -222 - 3
September 7604 8613 1009 13.3

October 9057 9244 187 " 2.1

November 12429 13063 634 5.1

December 12199 12701 502 4.1

* Delta exports include H.O. Banks P.P., Tracy P.P., North Bay Aqueduct, and Contra Costa
Canal diversions. These values do not include the effects of future mitigation measures that
could alter operation.

Table 6-8
Comparison of Average Monthly Delta Outflow Between

The No-ACtion and Preferred Alternatives*
(SWP Demand = 4.23 MAF)

Month Total Delta Outflow
No-Action Preferred AlL Difference % Change

(cfs) (cfs) (cfs)

January 31412 31552 1 40 0.4

February 38028 38113 85 0.2

March 28468 28581 11 3 0.4

April 20697 21001 304 1.5

May 17373 17394 21 0.1

June 11947 11946 - 1 0

July 7439 7240 -1 99 -2.7

August 5540 4479 -1 061 -19.1

September 411 9 2747 -1 372 -33.3

October 6189 6077 - 11 2 -1.8

November 8365 7984 -381 -4.6

December . 16428 16357 -71 -0.4

* Delta outflow includes D-1485 minimum required outflow, carriage water, and surplus
Delta outflow. These values do not include the effects of future mitigation measures that

could alter operations.
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has no means to accurately predict the magnitude of thesetern development. If proposed storage projects south of
impacts. These impacts are more properly addressed in Io-the Delta are implemented, wheeling capacity during the
cal general plans, comprehensive plan EIRs, and specificwinter will be severely restricted. With wheeling through
project EIRs. SWP facilities, the effect of the CVP’s capacity limitation

would be lessened.
Although the decision to allow urban expansion is under
local control, DWR would offer the following suggestions Wheeling of the type covered under Article 10 (h) could

to local planning agencies to mitigate the impacts fromrepresent increased exports from the Delta. Such wheel-

this expansion: ing is distinguishable from other wheeling covered under
Article 10 by the fact that the other wheeling, for outages

(1) Identify and inventory quality agriculturaltands, sensi-and to make up for the May-June pumping restrictions, is
rive habitats, and wildlife corridors within their juris- already established and serves only to maintain--not ex-
dictions. Determine the priority of the inventoried pand--the water supply services of the SWP and CVP.
lands, based on habitat quality and development pres-

To the extent that some wheeling arrangements negoti-sures.
ated pursuant to Article 10 (h) could increase proiect

(2) Reserve a portion of the additional revenue from de-ports from the Delta, the increase could cause environ-
velopment projects and increased tax base for acquiromental impacts incremental to those associated with the
ing sensitive habitats and wildlife corridors, existing level of project operations. However, any future

(3) Provide tax incentives for maintaining agriculturalwheeling arrangement would have to be carried out
lands in production, within the protective flow and quality provisions of the

SWRCB’s Delta standards and would require a separate
(4) The impacts of habitat isolation and fragmentationEIR/EIS and contract.

may be alleviated by the maintenance of large contigu-
ous habitat areas interconnected by a network of un-Any incremental impacts of wheeling arrangements nego-
broken wildlife corridors. These should be coordi- tiated pursuant to Article 10 (h) cannot be quantified or
nated with adjacent counties and incorporated into thespecifically described until the details of these arrange-
general plans, ments are known. Early indications ’from operational

studies suggest that the SWP has little remaining pump-(5) Identify areas of marginal agricultural and environ-
mental value. Encourage high-density developmenting capacity and conveyance capacity available for wheel-

in such areas through the use of.fee incentives. Suching with existing facilities and restrictions. The potential

distribution of development will allow projected popu- for wheeling would increase if SWP conveyance facilities

lation increases with minimal environmental or agri-were expanded.

cultural impacts. Further analysis of the environmental impacts of wheel-
ing may be found in the following future and currentCumulative Impacts of CVP Deliveries documents:

Article 10 (h) of the Coordinated Operation Agreement ¯ the water conveyance and purchase contract EIR/EIS
commits the parties to negotiate a separate contract speci- now being prepared and tentatively scheduled for re-
lying that excess capacity in the pumping and conveyance lease in late 1990;
facilities of the SWP would be used to increase the
amount of water the CVP can deliver from the Delta: This

¯ the environmental statements being prepared by
Reclamation concerning proposed water service con-is a separate action, requiring a separate contract or tracts;

agreement and a separate environmental impact report.
With its present Delta export facilities, the CVP lacks the ¯ any environmental document prepared in connection

~ pumping and conveyance capacity to deliver to its existing with new Delta standards that succeed those of Deci-
~ and potential contractors south of the Delta all the poten- sion 1485; and

tially exportable CVP water available in the Delta at cer- ¯ this environmental impact study for the NDP, the re-
-_.:= rain times, sults of which indicate that the impact of wheeling

would increase only slightly with implementation of
The SWP has capacity in the California Aqueduct for the NDP because of other restrictions and limita-
wheeling CVP supplies at the current level of SWP sys- ti0ns.
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Other Cumulative Impacts Growth Inducement

Other cumulative effects associated with potential water CEQA requires a discussion of the ways in which a pro-

development above the Delta probably would be similarposed project could "... foster economic or population
to, and would increase the impacts of, past surface watergrowth, or the construction of additional housing, either
development. Past projects on the Sacramento, San Joa-directly or indirectly, in the surrounding environment.
quin, and Trinity river systems have had a variety ofbene-cluded in this are projects which would remove obstacles
flcial and adverse effects, including: to population growth."

The location, timing, and magnitude of economic and¯ development of water supplies for local and statewide
needs; population growth within a region are determined by a

multitude of interrelated economic, social, and political
¯ development of hydroelectric power; factors, including:

¯ increased power requirements; ¯ employment opportunities;

¯ availability and cost of natural resources, including
¯ imprOVed navigation on the Sacramento River; land, water, and energy;

¯ creation of reservoir recreation areas and fisheries; ¯ the availability and cost of housing;

¯ increased flood control; ¯ the adequacy of community infrastructure (transpor-
tation facilities, fire and police protection, schools,

¯ creation of jobs; recreational facilities, etc.);

¯ displacement of people and wildlife; ¯ local government policy concerning growth issues
(zoning ordinances, general plans, etc.); and

¯ inundation of lands, archeological sites, and livē participation in the National Flood Insurance Pro-
streams; gram.

¯ blockage of anadromous fish runs; and Whereas each of these variables influences growth, it is
very difficult to ascertain whether a change in one of them

¯ changed flow regimes, sediment regimes, water qual-is sufficient to cause a significant change in community
ity, and seepage conditions along affected streams, growth rates. Economic growth is discussed in Chapter 5.

Following is a discussion of population growth.
Cumulative effects of offstream storage south of the
Delta would include: Because minimal amounts of water are necessary to sus-

tain life, water must be available if growth is to occur.
¯ new recreation opportunities and reservoir fisheries;However, rarely will the provision of water alone stimu-

late growth if all the other factors listed above are not con-
¯ creation of jobs; ducive to growth. But, ff all the other variables are condu-

cive to growth, and no water suppli.es are available, then
¯ displacement of people and wildlife; the provision of water may be growth inducing since it

could "remove a barrier to growth."¯ inundation of lands and archeological sites;
Several factors must be examined in order to determine ff

¯ improvement in quality of water delivered to service the proposed project is growth inducing. First, are there
areas; alternatives (both demand management and supply aug-

¯ a net increase in power requirements; and
mentation) that could be implemented in the absence of
the proposed project? If the proposed project is the only

¯ ground water programs south of the Delta, which sourceofwateravailabletoaregion, it may in fact remove

would involve construction of wells and distributiona barrier to growth, and, therefore, be growth inducing.
systems, as well as local water quality and hydrologicHowever, ff feasible alternatives are available (even ff
impacts and increased power requirements, more expensive than the proposed project), it can then be
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assumed that they would be implemented in the absencē contracts;
of the project. ¯ physical measures and; ..

Hence, with or without the project, growth will occur; the ¯
studies and water management programs..

only effect of the project is to use a !ess expensive source
of water. Another factor that needs to be considered is lo- Safeguards

cal government policy regarding growth. Most communi-State and federal laws that provide safeguards ".include:
ties in the State have implemented land use policies
through their general plans and zoning ordinances that at-̄ Area of Origin Law,

tempt to manage growth in conjunction with their avail-̄ County of Origin Law,
able resources. These plans address population growth,
land use, circulation, public services, and environmental̄ Davis-Dolwig Act,

resources. Typically, the strength of these plans in manag-̄ Delta Protection Act,
ing growth varies from community to community. ¯ Burns-Porter Act,

Finally, the determination of whether a particular water¯ California Environmental Quality Act,
supply is growth inducing depends upon how it is used. For ~
example, ff the project’s yield is used in addition to current

¯ National Environmental Policy Act,

surface and ground water supplies, then the resultinḡ National Fish and Wildlife Coordination Act,
growth-inducing impacts could be considerably larger̄ National Clean Water Act, and
than ff the yield were used to replace existing supplies
(such as overdrafted ground water basins). ¯ Provisions in Congressiona! Authorization of Federal

Water Projects.
Since it has been determined that population growth will
occur with or without the project and that .the project’s State and federal regulatory agencies administering the

laws include the SWRCB, Regional Water Quality Con-yield can be a replacement for some existing water sup-
plies, the project is not expected to be growth inducing,trol Boards, EPA, and the Corps.

(See also Chapter 5.) Contracts

Mitigation Measures Binding contracts are negotiated between project opera-
for Cumulative Impacts tors and various interests. DWR: has executed contracts

with several Delta water agencies that commit DWR to
Various actions such as Decision 14851 the Suisun Marshprovide reliable water supplies and qualities under the
facilities, and DFG stocking programs have benefited fishDelta Protection Act. These contracts provide a further
and wildlife in the Delta. Studies by State, federal, and Io-safeguard for Delta protection. DWR is continuing nego-
calagencies and private groups have provided much infor-tiations with other Delta interests.
marion, from which laws protecting fish and wildlife have
been enacted. Today, at least 30 State and federal policies,

Contracts for management of fish and wildlife resources

as well as agency regulations, help protect the Delta’s en-in San Francisco Bay-Delta estuary can be broadened as
to scope and the participating agencies. Such contractsvironment. Physical facilities such as fish screens at CVP
would specify mitigation measures identified by studiesand SWP pumping plants have been relatively effective in

salvaging fish from export water. Funds from State, fed- and negotiations.

eral, and local sources for protection of fish and wildlifeThe agreement for coordinated operation of the SWP and
resources are in the many millions for ecological studiesthe CVP allocates available supplies and shortages be-
and physical facilities, tween both projects after meeting in-basin obligations, in-

Mitigation measures for cumulative impacts due to future~
cluding Delta water quality objectives.

State, federal, and local water development generallyPhysical Measures ’
consist of:

Potential physical mitigation measures for identified sig-
¯ safeguards by laws, regulations, and water rights start-nificant impacts are listed below. Spedific measures could

dards; be incorporated in contracts.
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¯ fish--hatchery construction, adjustment of reservoirthe upper Sacramento River. Fish screens and ladders,
releases, habitat modification, establishment of res-gravel restoration, hatchery expansion, and toxic reduc-
ervoir fishery, fish screens and return systems, exporttion would be eligible programs.
curtailments, and fish stocking programs;

Many of the specific needs for mitigation are uncertain.
¯ wildlife--purchase of replacement lands, capture andPotential impacts requiring mitigation can be identified

removal of species,, control fencing, escape devices;during studies. Objectives of the Interagency Ecological
mitigation in Suisun Marsh as specified in the Envi-Study Program for the Sacramento-San Joaquin Estuary,
ronmental Impact Report and Plan of Protection; funded in part by the SWP, are to:

¯ socioeconomic--payment of increased, public serv-̄ improve understanding of the requirements of fish
ices caused by project workforce, and wildlife in the estuary; "

¯ cultural--avoidance or removal of identified cultural¯ develop design and operating driteria for the SWP
resources where possible, purchase of private prop- and CVP for protection and enhancement of fish and
erty where necessary; wildlife; and

¯ recreation--construction of recreational facilities; ¯ monitor and evaluate proiect operations.

¯ soils and vegetation--re-establishment of nativeThese Studies provide a sound basis for mitigation meas-
vegetation, erosion control techniques, replacementures. For example, the predation control studies in Clifton
of soil and topography where possible; Court Forebay may reduce losses of Chinook salmon.

¯ transportation -- relocation of roads and railroads;The court decision requiring monitoring of Delta chan-
and nels with the additional pumps also provides mitigation.

¯ utilities--relocation of utilities. Mitigation for Delta agricultural needs are identified
through studies of leaching practices and the salt toler-

Studies and Water Management Programs ance of corn. Continuation of programs to improve water
management would provide mitigation by reducing the

State legislation passed in 1986 created an advisory coun-buildup rate of future upstream diversions and Delta ex-
cil composed of 25 members from federal, State, and localports.
agencies, and environmental, fishery, and landowner
groups. The Council’s "Upper Sacramento Fisheries andSince the primary objectives of the North Delta Water
Riparian Management Plan" proposed 20 action items forManagement programs are to reduce reverse flows in the
restoration of fisheries and riparian habitat along the up-lower San Joaquin River and to reduce fishery impacts,
per Sacramento River and its tributaries, the program should add cumulatively to the Upper Sacra-

mento River Fisheries and Riparian Habitat Manage-
Federal legislation appears to be progressing throughment Plan, and could be considered one link in the resto-
.Congress to provide money to restore fish populations inration of salmon and steelhead.
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CHAPTER 7. CONSULTATION AND COORDINATION

Environmental Documentation interested agencies identified significant issues related to

And Public Involvement the NDE TaMe A-1 in Appendix A lists the scoping issues
ranked by the meeting-1 attendees in order of impor-

The California Department of Water Resources (DWR) tance. Table A-2 (Appendix A) lists the scoping issues

prepared this Environmental Impact Report/Environ-expressed by the meeting-2 attendees but not ranked in

mental Impact Statement (EIR/EIS) for the North Delta order of importance.

Water Management Program (NDP) in compliance with
the California Environmental Quality Act and the Na- Written Comments

tional Environmental Policy Act (NEPA). This EIR/EIS
conforms with both State and federal legal requirements.Agencies and organizations also submitted written com-

ments identifying significant issues in response to the pub-
The process of environmental review began in early 1987.lic meetings and notices. These are summarized in Table

A Notice of Intent to prepare an EIR/EIS was preparedby A-3 of Appendix A.

USACE and was published in the Federal Register on
May 19, 1989. Also in May 1989, a Notice of Preparation Scoping Report
was circulated through the California State Clearing-
house and sent to interesied parties, and a punic noticeIn February 1989, DWR published a draft scoping report

was issued by USACE for the NDP. The finn1 report was issued in November
1989. The ~report describes the planning and environmen-

DWR and USACE implemented a public involvement tal documentation process and contains a synthesis of
process for the NDP. PuNic involvement activities in- comments received at the scoping meetings and the writ-
clude project scoping and public information meetings,ten comments, copies of written comments, and an analy-
and opportunities to comment on both the draft and finalsis of issues.
EIR/EIS’s.

Ongoing Coordination
Purpose of Scoping

Throughout the study period and during preparation of
The Council on Environmental Quality regulations (40the EIR/EIS, DWR and USACE coordinated and con-
CFR 1500-1508) for implementation of NEPA requires sulted with federal, State, and local agencies. These agen-
"... an early and open process for determining the scopecies included:
of issues to be addressed and for identifying the significant
issues related to a proposed action. This process shall beFederal Agencies
termed scoping ...." The purposes of the EIR/EIS scop-
ing process were to identify the significant issues for studyU.S. Bureau of Reclamation
in the EIR/EIS and to determine the scope of the re-U.S. Environmental Protection Agency
search of each issues. U.S. Fish and Wildlife Service

U. S. Geological Survey
Scoping is designed to explore issues for environmentalNational Marine Fisheries Service
assessment, to ensure that important considerations areU, S. Coast Guard
not overlooked, and to discover concerns that mightU.S. Soil Conservation Service
otherwise go unrecognized. Through scoping DWR andAdvisory Council for Cultural Resources
USACE endeavored to make the EIR/EIS more mean-
ingful and useful to decision-makers and to those affectedState Agencies
by the proposals or alternatives.

Department of Fish and Game
Scoping Meetings Department of Parks and Recreation

Department of Boating and Waterwa~ys
DWR and USACE held two public scoping meetings in State Lands Commission
August and September 1987, during which the public andState Water Resources Control Board
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Local Agencies State Water Resources Control Board to fuffill Section
401. See discussion in Chapter 1 under "Regulatory Per-

North D£1ta Water Agency mits"
San Joaquin County Parks and Recreation
San Joaquin County Department of Public Works Rivers and Harbors Act of 1899 (USC 401-413)

East Bay Regional Park District
East Bay Municipal Utility District Section 10 of the Rivers and Harbors Act prohibits the un-

Planning and Conservation League authorized obstruction or alteration of any navigable wa-

Metropolitan Water District of Southern California ters of the United States. Increasing the pumping rate at
Sacramento County Department of Public Works Banks Pumping Plant would require a Corps Section 10

State Water Contractors permit. DWR will apply for this permit.
California Striped Bass Association
United Anglers ~ Fish and Wildlife Coordination Act

Golden Gate Fishermen Association (16 USC 661 et. seq.)
California Farm Bureau
Reclamation District 348 The Fish and Wildlife Coordination Act (FWCA) re-

quires federal agencies to consult with the U. S. Fish and
Opportunities to Comment on the Draft Wildlife Service (USFWS) and the California Depart-

ment of Fish and Game (DFG) before undertaking proj-and Final EIR/EIS’s
ects that control or modify surface water. This c0nsulta-

Agencies, interest groups, and the publicwill have oppor-tion is intended both to promote the conservation of

tunities to submit written comments on the draft and finalwildlife resources by preventing loss of or damage to wild-

EIR/EIS’s and to make oral presentations at hearings tolife resources and to provide for the development and im-

be held on the draft EIR/EIS. provement of wildlife resources in connection with water
projects. Federal agencies undertaking water projects are

Environmental Review required to include in project reports recommendations
made by the USFWS and DFG, to give full consideration

and Consultation Requirements to these recommendations, and to include in project plans
justifiable means and measures for wildlife purposes.

This draft EIR/EIS has been prepared concurrently with
environmental review and consultation required by feder-The USFWS and DFG have been extensively involved in
al environmental law other than NEPA, as required by 40this project from the start. USFWS lead the Habitat Eval-
CFR 1502.25. Compliance with specific environmental re- uation Procedures (HEP) team consisting of representa-
view and consultation requirements is described below, tives from USFWS, DFG, USACE, and DWR. USFWS

prepared a draft report on impacts and compensation
Clean Water Act (33 USC 1251 et seq.) needs analysis using HEP in October 1990. Negdtiations

are continuing on the HEP, and an agreement should be
The Clean Water Act of 1977 aims to %.. restore and reached by all agencies before the final EIR/EIS. A pre-
maintain the chemical, physical, and biological integrity ofliminary draft FWCA report on impacts from the project
the Nation’s waters." Section 404 of the act establishes aand recommended compensation measures to mitigate
permit program, administered by the U. S. Army Corps of for the impacts is currently under review. The FWCA re-
Engineers (Corps), to regulate the discharge of dredgedport will be included in the final EIR/EIS.
or fill materials into the waters of the United States. Sec-
tion 401 of the act requires that the project not violateEndangered Species Act (16 USC 1531 et. seq.)
State water quality standards.

Section 7 of the Endangered Species Act (ESA) of 1973
Construction of the enlarged Clifton Court Forebay,requires federal agencies, in consultation with the Secre-
channel dredging, and installation of barrier-type facili-tary of the Interior, to ensure that their actions do not
ties would require placing fill material into United Statesjeopardize the continued existence of endangered or
waters. This will require a Corps Section 404 permit,threatened species, or result in the destruction or adverse
DWR will also be requesting project certification from the modification of the critical habitat of these species.

266

C--071 399
C-071101.300



USFWS prepared a list of threatened, endangered, andin their EIS’s to include farmlands assessments designed
candidate species which may occur in the project area. Asto minimize adverse impacts on prime and unique farm-
discussed in Chapter 3, DWR and USACE had field sur-lands. The regulations published in the Federal Register
veys conducted for these species in 1987 and 1988. As ne-(Vol. 49, No. 130; July 5, 1984) contain the criteria to be
gotiations for definition of the proposed action near com-used to identify these lands and determine impacts. As
pletion, a biological assessment will be prepared tonegotiations for definition of the proposed action near
determine whether any listed species or species proposedcompletion, the Soil Conservation Service will be con-
for listing are likely to be affected by the proposed action,tacted to identify whether the proposed action will affect
This assessment will be submitted to USFWS,the Nation-any lands classified as prime and unique farmlands. If any
al Marine Fisheries Service (NMFS) and DFG with a re- lands are identified, alternatives would be considered
quest for formal consultation if the proposed action wouldwhich could lessen impacts to such lands.
affect listed species. Subsequently, USFWS, NMFS, andExecutive Order 11988: Floodplain ManagementDFG would prepare a Biological Opinion to determine
whether the action would jeopardize the continued exis-Executive Order 11988 requires federal agencies to pre7
tence of listed species or adversely modify their critical ~are floodplain assessments for proposals located within
habitat. If a finding of jeopardy or adverse modification is or affecting floodplains. If an agency proposes to conduct
made in the Biological Opinion, DWR would have toan action within a floodplain, it must consider alternatives
modify the project to ensure listed species are not af-to avoid adverse impacts and incompatible development
fected, in the floodplain. If the only practicable alternative in-

volves siting in a flood plain, the agency must minimize
National Historic Preservation Act potential harm to or within the floodplain.
(16 USC 470 et. seq.)

The north Delta lies within the floodplain. Therefore,
Section 106 of the National Historical Preservation Actthe NDP facilities are located in the floodplain. Modifica-
(NHPA) requires federal agencies to evaluate the effects tion to existing levees would enlarge north Delta channel
of federal undertakings on historical; archeological, andcross-sections and hence increase channel capacity. With
cultural resources. Agencies are required, within the vi-increased capacity, the channels would be able to contain
cinity of proposed projects, to identify historical or at-greater floodflows and Provide greater protection from
cheological properties, including properties on the Na-flooding. New levees would also be designed to meet
tional Register of Historic. Places, and those that the100-year flood standards.
agency and the State Historic Preservation Office Executive Order 11990: Protection of Wetlands
(SHPO) agree are eligible for listing in the National Reg- ¯ ’
ister. If the federal project is determined to have an ad- Executive Order 11990 requires federal agencies to pre-
verse effect on National register properties or those eligi-pare wetlands assessments for proposals located within or
ble for listing, the agency is required to consult with theaffecting wetlands. Agencies must avoid undertaking new
SHPO and the Advisory Council on Historic Preservationconstruction located in wetlands unless no practical alter-
to develop alternatives or mitigation measures to allownative is available and the proposed action includes all
the project to proceed, practicable measures to minimize harm to wetlands. The

NDP will not impact any natural occurring wetlands. SeeCoordination for a Class II cultural resources surveydiscussion in Chapter 5, under "Impacts on Wetlands."
through USBR is in process. When the results are ana-
lyzed, it will be determined whether a more extensiveClean Air Act (42 USC 7501)
Class III survey is necessary. A cultural resources report
will be prepared and sent to the SHPO. If it is determined Section 176 (c) of the Clean Water Act requires that no

that adverse effects will occur, the procedure described infederal agency, "... (1) engage in, (2) support in any way or

the previous paragraph will be followed., provide financial assistance for, (3) license or permit, or
(4) approve, any activity which does not conform to a plan

Farmland Protection Act (16 USC 590 a-f,q) after it has been approved or promulgated under Section
110." A "plan" refers to a State Implementation Plan

Council on Environmental Quality memoranda to Heads(SIP) to meet the National Ambient Air Quality Stan-
of Agencies, dated August 30,1976, and August 11, 1980dards (NAAQS) that is approved by the Administrator of
and the Farmland Protection Act of 1981 require agenciesthe Environmental Protection Agency (EPA). Each ap-
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proved SIP must contain a clear definition Of the circum- c) United States Senate, Washington D.C.:
stances in which a federally funded or approved project Honorable Alan Cranston
will or not conform to the SIR If there is no approved SIP, Honorable Pete Wilson
EPA is responsible for determining compliance with the
Clean Air Act and whether or not a project will affect fu-
ture abilities to meet the NAAQS. In either case, pr0vid- d) United States House of Representatives, Washington
hag the information necessary for a determination of con- D.C.:
fortuity is an agency responsibility. SIP’s are required for Honorable Tom Campbell
any area whose present ambient air quality does not meet Honorable Ronald V. Dellums
the NAAQS. Honorable Don Edwards

Honorable Vic Fazio
To show conformity with the NAAQS, a federal agency Honorable Robert Matsui
proposing an action must show that the proposal will not Honorable Tom Lantos ¯
cause violations of the NAAQS or in any way hinder fu- Honorable George Miller
ture attainment of the NAAQS. This can be done by dem- Honorable Norman Y. Mineta
onstrating that the proposed action does not induce Honorable Nancy Pelosi
growth which would prevent or hinder compliance with Honorable Fortney H. (Pete) Stark
the NAAQS, showing that growth projections used in the
air-quality analysis are in accordance With projections in
an approved SIP, or mitigate increased pollutants whiche) State Agencies (State of California):
would result form a proposed a~ction. Air Resources Board, Sacramento

Assembly Committee on Agriculture, SacramentoThe NDP will not have any growth-inducing impacts and, Assembly Committee on Water, Parks, and Wildlife,
hence, will complywiththe NAAQS. The growth-indue- Sacramentoing impact analysis is discussed in Chapter 5. Assembly Natural Resources Committee,

Distribution List ’ Sacramento
Board of Aeronautics, Sacramento

¯ California Highway Patrol, Napa
1. The following represents distribution of the document: California Water Commission, Sacramento

Chamber of Commerce, Sacramento
a) U.S. Department of the Interior: Department of Boating and Waterways, Sacramento

Bureau of Reclamation, Sacramento Department of Conservation, Sacramento
Bureau of Land Management, Sacramento . Department of Fish and Game, Sacramento (4)
Fish and Wildlife Service, Portland; Sacramento (2) Department of Food and Agriculture, Sacramento
Geological Survey, Sacramento; Menlo Park Department of Forestry, Sacramento, Spanish Fiat
National Park Service, San Francisco (2) Station (2)
Regional Environmental Officer, DOI, San Francisco Department of General Services, Sacramento

Department of Health Services
b) Other Federal Agencies: Department of Parks and Recrea.tion, Sacr_amento

Advisory Council on Historic Preservation Department of Transportation, Sacramento
Department of Agriculture Department of Water Resources, Sacramento
Department of Energy Native American Heritage Commission, Sacramento
Department of Transportation Office of Goyernor Deukmejian~ Sacramento
Environmental Protection Agency, San Francisco (3) Office of Historic Preservation Sacramento
Federal Emergency Management Agency, San Fran- Regional Water Quality Control Board, Central
cisco _ Valley Region, Sacramento

Forest Service, San Francisco State Clearing House, Sacramento. (20)
Federal Highway Administration, San Francisco State Lands Commission, Sacramento
National Marine Fisheries Service, State Reclamation Boar.d, Sacramento
Soil Conservation Service, Davis State Water Resources Control Board, Sacramento
Western Area Power Administration, Sacramento Wildlife. Conservation Board, Sacramento
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f) Local Agencies: River Junction, RD 2064
Bacon Island, RD 2028 Rough and Ready Island, RD 403
Bishop Tract, RD 2042 Sacramento County, RD 1002
Bouldin Island, RD 756 San Joaquin County, RD 548
Brack Tract, RD 2033 San Joaquin County, RD 2074
Bradford Island, RD 2059 Sherman Island, RD 341
Brannan-Andrus LMD (RD 317, 407, and 2067) -
Byron Tract, RD 800 Stark Tract, RD 2089
Canal Ranch Tract Staten!sland, RD 38 ¯
Central Delta Water Agency Stewart Tract, RD 2062
City of Lodi Terminous Tract, RD 548

Twitchell Island, RD 1601
City of Sacramento Tyler Island, RD 563
Coney Island, RD 2117 Union Island, RD 1, 2
Contra Costa County Upper Andrus Island, RD 556
Contra Costa County Water Agency Upper Jones Tract, RD 2039
Contra Costa Water District Upper Roberts Island, RD 544
Deadhorse Island, RD 2111 "
Fabian Tract, RD 773 Veale Tract, RD 2065
Grand Island, RD 3 Venice Island, RTD 2023
Holland Tract, RD 2036 Victoria Island, RD 2040
Hotchkiss Tract, RD 799 Walnut Grove, RD 554

Webb Tract, RD 2026
Jersey Island, RD 830 Weber Tract, RD 828
Kings Island, RD 2044 Woodward Island, RD 2072
Libby McNeil, RD 369
Mandeville Island, RD 2027 g) Organizations:
McCormack-Wiiliamson Tract, RD 2110 Association of California Water Agencies, Bay Insti-
McDonald Island, RD 2030 tute of San Francisco, Boyle Engineering, Brown and
Medford Island, RD 2041 Caldwell, California Trout, California Striped Bass
Men’it Island, RD 150 Association,California Wildlife Federation, Califor-

~ Middle Roberts Island Reclamation District 524 nia Waterfowl Association, CH2M Hill, Defenders of
Mildred Island, RD 2021 Wildlife, Environmental Council, Environmental

~
Defense Fund, Friends of the River, Grizzly Island

!
New Hope Tract Wildlife Area, Izaak Walton League of America,

: North Delta Water Agency League of Women Voters of California, Marin Con-
~ OrwoodTract, RD 2024 servation League, Marine Research Center,

Pierson District, RD 551 Montgomery Engineers, Inc., Natural Defense
Pacific Gas and Electric Company Council, Oceanic Society, Pacific Interclub Yacht As-
Paradise Junction, RD 2095 sociation, Planning and Conservation League, Recre-
Reclamation District 348 ational Boaters of California, San Francisco Bay Con-
Palm Tract, RD 2036 servation and Development Commission,
Pescadero District, RD 2058 Sacramento Audubon Society, Salmon Unlimited,
Pico and Nagle, RD 1007 Sierra Club, Save San Francisco Bay Association, As-

sociation of State Water Contractors, Stockton
Quimby Island, RD 2090 Audubon Society, The Nature Conservancy, United
Randall Island, RD 755 Anglers of California, Murray Burns & Kienlen,
Rindge Tract, 2037 Woodward-Clyde Consultants, San Joaquin River
Rio Blanco Tract, RD 2114 Water Users Association
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~ h) Individuals: j) State Senate:

i Harvey O. Banks, Brian Bell, Dante J. Nomellini, Honorable John Doolittle
~ William E. Warne, John L.Winther, Ken Woodward, Honorable John Garamendi

Frederick Bold Jr., Max Bookman, D.W. Kelley, Ann Honorable Leroy Greene
Schneider, George Basye, Gerald Orlob, John W. Honorable Barry Keene
Pulver, Tony Klein, Robert Krieger, Richard Dorn- Honorable James Nielsen
helm, Gwen Buchholz, Joseph I. Burns, Harold Rog-
ers, Jr., Richard L. Schafer, Michael Smith, Thomask) State Assembly:
M. Stetson, Dorothy Green, Victor Viets, Art Miller Honorable Chris ChandlerB.J. Miller, Tom Mongan, Robert Mygrant, John Honorable Lloyd ConnellyGregg, Bert Parkinson, Sally Freedman, G.F. Shuster Honorable Thomas Hannigan
III, Marvin Sternberg, Alien Zacharias. Honorable Bev Hansen

Honorable Dan Hauser
i) Media: Honorable Phillip Isenberg

Los Angeles Times, Record Searchlight, San Honorable PatrickJohnston
Francisco Chronicle, Tracy Press, San Bernardino Honorable Tim Leslie
Sun, Fresno Bee, Times-Standard, Sacramento Bee, Honorable Start Statham
Sacramento Union. Honorable Norm Waters
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APPENDIXES
Note: Some of the appendixes to the North Delta Program Environmental Impact Report/Statement are too long
to be included in this document. The information in these appendices has been abbreviated in the EIR/EIS and
summarized here. Readers wishing to consult the full appendixes for more detailed information should contact
the Department of Water Resources, Division of Planning, Sacramento, California for locations where the ap-
pendixes are available for public review.

A. Glossary and Abbreviations

B. Scoping Meeting Issues and Comments

C. Modeling Assumptions and Results

D. NDP Biological Assessment

E. Economic Analysis Summary

F. Direct Fish Impact Analysis Summary

G. U.S. Fish and Wildlife Service’s Coordination Act Report Summary

H. Construction Report Summary

I. Preliminary Dredge Material Test Results

J. Seismic Report Summary

K. Archeological Report SUmmary

L. Recreation Report Summary

M. Narrowing of Alternatives

N. Documents Incorporated by Reference

O. List of Preparers

P. Wetland Inventory and Analysis
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APPENDIX A
GLOSSARY AND ABBREVIATIONS
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APPENDIX A
GLOSSARY AND ABBREVIATIONS

ABBREVIATIONS

AF - acre-foot
APCD - Air Pollution Control District
BTU - British thermal unit
CALOSHA - California Occupational Safety and Health

Administration
Caltrans - California Department of Transportation
CCC - Contra Costa Canal
CCF - Clifton Court Forebay
CCWD - Contra Costa Water District
CEQA - California Environmental Quality Act
CFS - cubic feet per second
CIMIS - Californ!a Irrigation Management Information

System
CNDDB - CaliforniaNatural Diversity Data Base
COA " coordinated operating agreement
Corps - United States Army Corps of Engineers

(also USACE)
CPUE - Catch per unit effort ¯

CUWA - California Urban Water Agencies
CVP . - Central Valley Project
CY - Cubic Yard
DAPC - Delta Advisory Planning Council
DFG - Department of Fish and Game
DMC - Delta-Mendota Canal
DWR ~ Department of Water Resources
DWOPER - dynamic wave operational model
DWRSIM - Department of Water Resources’ statewide

water simulation model
EBMUD - East BayMunicipal Utility District
EC = electrical conductivity
EIR - Environmental Impact Report
EIS - Environmental Impact Statement
EPA - Environmental Protection Agency
ESA - Endangered Species Act
ET - evap0transpiration
FEMA - Federal Emergency Management Agency
FWCA - Fish and Wildlife Coordination Act
FWS - Fish and.Wildlife Service (also USFWS)
GAC - granular activated carbon
GWh - gigawatt hours
HEP - habitat evaluation procedure
HSI - habitat suitability index
HUs - habitat units
IDC - Interagency Delta Committee
IDHAMP - Interagency Delta Health Aspects Monitoring
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Program
KCWA - Kern County Water Agency
KWB - Kern Water Bank
kWh - kilowatt~-hour
LADWP - Los Angeles Department of Water and Power
LBG - Los Banos Grandes
M&I " municipal and industrial ~..
MAF - million acre-feet
MCY - million cubic yards
MLLW - mean lower low-water
MMWD - Marin Municipal Water District
MSL - mean sea level
MW - megawatt
MWD - Metropolitan Wate_r District of Southern

California
NAAQS - National Ambient Air Quality Standards
NBA - North Bay Aqueduct
NDP - North Delta Program
NDWMP - North Delta Water Management Program
NEPA - National Environmental Policy Act
NFIP - National Flood Insurance Program
NGVD - National Geodetic Vertical Datum (1929)
NHPA - National Historical Preservation Act
NMFS - National Marine Fisheries Service
NOI - notice 0f intent
NOP - notice of preparation
OWC - Office of Water Conservation
PG&E - Pacific Gas and Electric Company
PPB - parts per billion
PPM parts per million
Reclamation - United States Bureau of Reclamation

(also USBR)
Regional Board - Regional Water Quality Control Board (also RWQCB)
RMA - Resource Management Associates
RWCQB - Regional Water Quality Control Board (also Regional Boar
RO - reverse osmosis
SCS - United States Soil Conservation Service
SDWA - South Delta Water Agency
SDWMP - South Delta Water Management Program
SF - square feet
SFEP - San Francisco Estuary Project
SHPO - State Historic Preservation Office
SIP - State Implementation Plan
SJVDP - San Joaquin Valley Drainage Program
SRI - Sacramento River index
SWP - State Water Project
SWRCB - State Water Resources Control Board
TAF - thousand acre-feet
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TDS - total dissolved solids
THMFP - trihalomethane formation potential

i~ THMs - trihalomethanes
USACE - United States Army Corps of Engineers

(also Corps)
USBR - United States Bureau of Reclamation

(also Reclamation)
USFWS - United States Fish and Wildlife Service (also FWS)
USGS - United States Geological Survey
WDRA water delivery risk analysis
WDWMP - West Delta Water Management Program
YCWA - Yuba County Water Agency
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GLOSSARY

California Aqueduct - The major conveyance facility of the State Water Project which carries water
from the Sacramento-San Joaquin Delta to as far south as Lake Perris in Southern California.

Carriage Water - Additional Delta outflow, over and above the basic outflow required to meet water
quality standards of State Water Resources Control Board’s 1978 Water Rights Decision 1485. The
additional Delta outflow required (carriage water) is a function of Delta export pumping and south
Delta inflow and is necessary to control sea water intrusion, into the Delta. Carriage water will
not be required with a Cross Delta facility.

Critical Period - The most severe extended dry period of recorded historic hydrology which would
create the greatest demand on a water supply system. Often used as a criteria for design of water
supply facilities.

CVP-SWP sharing Formula - A formula or method of shared responsibility for water usage in the
Sacramento Valley region, shared responsibility for the maintenance of Delta water quality standards
and for the sharing of unstored river flows between the CVP and the SWP for purposes of export from
the Delta.

D-1485 - State Water Resources Control Board Water Right Decision 1485 of August, 1978 which sets
forth water quality and flow standards for the Sacramento-San Joaquin Delta and Suisun Marsh.

Delta Exports - Water that is exported from the Sacramento San Joaquin Delta which includes water
from the North Bay Aqueduct, the Contra Costa Canal and water pumped at the Delta and TracyPumping
plants.

Delta Outflow Criteria - Minimum water quality or flow standards for the Sacramento-San Joaquin
Delta and Suisun Marsh such as those required by D-1485.

Depletion Studies - Studies used to estimate the effects of a given projected level of development
on an historic streamflow base.

Diversions - Water diverted at a control point such as a reservoir control point. Diversions
typically represent basin irrigation diversions, water transfers, municipal diversions and exports.

Fish Flows - Instream flows or reservoir releases which must be maintained to protect or enhance
fishery resources.

Historic Hydrology - Actual measured river flows from which present and future hydrologic conditions
may be derived. Such flows are adjusted to account for changes over time due to native vegetation,
agriculture, operation of municipalities and the operation of nonproject reservoirs.

Navigation Flows - River flOWS which are required to maintain adequate channel depth to provide for
waterway navigation.

No Action - In this report, this is equivalent to "No l~roject" under CEQA and NEPA, meaning that the
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proposed program, including physical works, management strategies and related mitigation measures
are not implemented.

Optimization - The mathematical technique of determining the optimal solution to a physical process.
Typically used in water delivery systems to maximize benefits of water deliveries or to minimize
costs or risks. _

Return Flows - Flow returned to a stream channel following municipal, industrial or agricultural
withdrawal and use.

Ru!e Curve - Operations criteria formulated to determine how to best operate the SWP System in order
to maximize water deliveries within the framework of greatest economic benefit and while retaining
sufficient water in reservoir storage facilities to protect against future shortages.

Upstream Depletions - Depletions which occur upstream from the Sacramento-San Joaquin Delta. (See
Depletion Studies)

Yield - A quantity of water delivered annually to a service area from a water project on a specified
delivery schedule. The SWP minimum project yield refers to the yield (assuming certain allowable
deficiencies) when the system is simulated through the critical dry period of record.
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APPENDIX B
SCOPING MEETING ISSUES AND COMMENTS
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APPENDIXB
SCOPING PROCESS

Scoping sessions were conducted on August.25, 1987 in Walnut Grove and on September 11, 1987 in Sacramento
to solicit public input in determining the scope of the EIR/EIS and significant issues related to the alternatives
identified. A February 1989 report--North Delta Water ManagementProject, ~4 Draft Report on Public Involvement
and Identification of Issues, prepared by the Department of Water Resources--discussed the planning and envi-
ronmental documentation process and findings of the scoping meetings.

Issues and questions identified at the first public scoping session were scored on the basis of frequency and rela-
tive ranking of each issue raised. Table A-1 shows the scoping issues by rank. Table A-2 shows the issues and
questions identified at the second public scoping session, not ranked. Various federal and State agencies and
private citizens sent letters identifying a number of issues. Written comments are summarized in Table A-3.
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Table B-1
MEETING 1. (WALNUT GROVE) SCOPING ISSUES, LISTED BY RANK

Rank Issue Score*

1 Extend South Fork Mokelumne dredging northeast to I-5. 15

2 Extend South Fork Mokelumne dredging south to San Joaquin River. 14

3 Include effects of increased runoff from urban development Of the Morrison and Laguna Creek
areas. 14

4 Expedite Phase I due to Morrison Creek Project. 13

5 Due to downstream impacts of USACE Lambert Road improvement work (Morrison Stream Group), 9
DWR South Fork Mokelumne channel improvements should be done first).

6 Coordinate FEMA requirements and subventions work with levee se_tbacks. .. 9

7 Develop study on Phase I only. Incorporating later phases would make Phase I much less likely
to be supported. ~ 8

8 Consider water storage in areas of origin. (before entering Delta). 8

9 DWR should request halting upstream flood control projects which would negatively impact South6
Fork Mokelumne flood stages.

10 Conduct a flood study on tl~e entire Delta. 4

11 Increase height of gates on Delta Cross Channel. They were observed to over top during 3
the February 1986 flood.

12 Enlargement of South Fork Mokelumne River should lower 100-year flood stages by more than2
10 percent estimated by DWR. This should be studied further.

13 Determine whether any phases of the project could be implemented without legislation. 2

14 Connecting channel has high political sensitivity. 2

15 Investigate flow and quality conditions downstream of proposed wingwalls on Sacramento River2

16 Study effects of wingwall structures on levee freeboard during flood flows. 2

17 Evaluate effects on Beaver, Hog’ and Sycamore Sloughs and whether they should be dammed.2

18 Existing hydraulic studies do not account for surge effects. 1

19 Study should consider revegetation of levees. 1

20 Evaluate salinity effects of wingwall structures. 1

21 Investigate partial and full salinity control barriers at Chipps Island. 1

22 Consider Beaver, Hog, and Sycamore Sloughs for wildlife mitigation areas.

23 Guarantee of THM reduction. 0
24 Examine project effects on water quality for Contra Costa and South Delta exports. 0

25 Determine operation and maintenance costs for the project. 0
26 Determine if Delta Cross Channel should be improved. 0

27 Severity of flooding in this area is historically documented. 0

*The score represents the number of times the issue was ranked in the top five by meeting participants on questionnaires
(See Appendix A, Attachment 3).
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Table B-2
MEETING 2. (SACRAMENTO) SCOPING ISSUES, NOT RANKED

1. Investigate barriers at Chipps Island.

2 Consider interaction between Federal and State agencies.

3. Investigate relationship of proposed project to EBMUD diversions from the American River.

4. Integration of north Delta Phase I and Phase II as one project.

5. Include major structural alternatives, such as a peripheral canal of various sizes.

6. Consider alternative water supplies.

7. Include various levels of flood control protection in the analysis.

8. Don’t construct anything without immediate benefit to fisheries; use no artificial means.

9. Give earthquake potential high consideration in evaluating flood protection.

10. In planning recreation facilities, consider less asphalt paving.

11. Consider flood control in areas of flood flow origin.

12. Consider additional upstream flood Control.

13. Store flood flows in area of origin; assess water quali!y benefits.

14. Consider flood control in urban areas upstream from Delta.

15. Project is more than a water supply project. " "

16. Flood control is worthwhile project objective. ,

17. Renegotiation of Two-Agency Fish Agreement if exports are increased.

18. Increase dr~aft of fish from Sacramento River to the Mokelumne River could affect the winter, run of
salmon.

19. Consider wildlife effects from levee setbacks and channel enlargement and consider effects on riparian
habitat.

20. Examine all alternatives.

21. Develop agreement on mitigation options prior to implementation of any plan.

22. Try to eliminate reverse flows.

23. Impacts of project on wetlands upstream (Morrison Stream Group).
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Table B-3
SUMMARY OF WRITTEN COMMENTS

California Department of Fish and Game

1. Maintain integrity of the Wildlife Conservation Board island on the South Fork Mokelumne River
and Sycamore Slough (DFG 7-28~87). This island is currently a wildlife refuge.

2. Coordinate with DFG to evaluate the impacts of the project on threatened and endangered species
(DFG 7-28-87).

3. Evaluate the impacts of increased diversions from the SacramentO River on the winter run of chinook
salmon (DFG 7-28-87).

4 Evaluate the impact of the north Delta proposal on the agreement between DWR and DFG to offset
direct fish losses in relation to the Harvey O. Banks Delta Pumping Plant (DFG 7-28-87).

5. DWR must consider stipulations of CEQA and Davis-Dolwig Act~ specifically, streambed alterations
and fish screen issues (DFG 7"28-87).

6. Project will require a new agreement for protecting fisheries in relation to the Harvey O. Banks
Pumping Plant (DFG 9-11287).

7. More diversions from the Sacramento River will draw more fish from their normal migratory routes.
Fish screens may be required by Section 6100 of the Fish and Game Code (DFG 9-11-87).

8. Levee improvements and levee setbacks must not lead to loss of wildlife habitat or wintering wildlife
food production (cropland) (DFG 9-11-87).

9. North and south Deltaprojects are linker together from a fish and wildlife perspective and must be
analyzed that way (DFG 9-11"87).

10 Project description is lacking in detail, therefore, it is not possible at this time to provide Comprehensive
comments on the project. (DFG 6-16-89).

11. Include measures to offset fisheries and wildlife resource impacts due to increased diversion of the
SWP (DFG 6-23-89).

12, Maintain early and close coordination to incorporate fish and wildlife resource pr0teetion provisions
called for in SB 34~ (DFG 6-23-89).                :    "

13. Examine impact of SWRCB D’1485 hearings on project and its objectives (DFG 6-23-89).

14. Recognize the interrelationship of the South and North Delta Water Management Project (SDWMP
and MP, respectively). Evaluate impacts accordingly(DFG 6-23-89). NDW

15. State Fish and’ Game Commission hasdetermined that the winter-run Chinook salmon should be listed
as an endangered species. DWR should consult with DFG, and USACE with USFWS. (DFG 6-23-89).

16. Analyze and describe the changes in Delta conditions due to the NDWMP and the SDWMP. State el-
fect on resident and anadromous fish (DFG 6-23-89).

17. Define changes in upstream reservoir operations. State effects on fisheries and wildlife resources
(DFG 6-23-89).

18. Estimate the direct loss of fish at the SWP and CVP pumping facilities (DFG 6-23-89).

19. Explore alternatives that minimize impacts to wetland and wintering wildlife habitat. List impacts and
mitigation measures for wetlands on existing berm islands (DFG 6-23-89).
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Table B-3 (Continued)

U. S. Fish and Wildlife Service

1. Discuss the importance of State)Federal Water Project yield improvement as an objective in this pro-
gram (USFW 9-17-87)~

2. Alternative means to increase water supply should be considered (USFW 9=17-87).

3. Detailed operational and institutional descriptions should be provided.

4. Analyze the present and future impacts of pumping operations on present and future Bay-Delta water
quality standards (USFW 9-17-87).

5. Impacts to all riparian habitats should be fully described and appropriate mitigation measures should be
identified (USFW 9=17"87).

6. Impacts of upstream wetland areas from less frequent flooding due to project improvements down
stream (Stone Lakes area) (USFW 9-17-87).

7. Analysis of benefits and detriments to all fisheries (especially anadromous fish) (USFW.9-17-87).

8. USBR’s role in the project (CVP operation impact) (USFW 9-17-87).

9. Impacts of both Phase I and II should be fully ana!yzed (USFW 9-17-87).

10. Process must include effectsof project on endangered species list (USFW 10-2-87)i

11. All mitigation measures listed in memorandum dated 8-30-88 are applicable except planning goal for
shaded riverine aquatic cover has been modified (USFW 6-15-89).

12. Consider placing dredge spoils alongthe waterside of existing banks to establishriparian vegetation
(USFW 6,15-89).

13. USFW is preparing a list of endangered species affected by changes in the construction area (USFW
6-15-89).

14. Consider the increase of fish entrainment at the SWP and CVP pumping plants (USFW 6--15-89),
15. To make recommendations to mitigate adverse fisheries effects, detailed operations in the Delta must

be known (USFW 6-15-89),

16. Writing one EIR/EIS would clarify interrelations Of all Delta projects (USFW 6=15-89).

17. Recommend against issuance of a permit until operation studies and other data are provided (USFW
6-15-89).

Planning and Conservation League                                         ¯

1. Look at impacts of all diversions from the Delta and analyze alternatives (CVP, SWP,~ EBMUD~ Contra
Costa Aqueduct, North-Bay Aqueduct) (PCL 9-11-87).

2. Analyze the purpose and need for partial tide gate structures Impact on fish, navigation, wildlife and
aesthetics (PCL 9-11-87)..

3. EIR]EIS should analyze all phasesofproject including possible construction of new channels (PCL
9-11-87). "

4. EiR/EIS should consider all alternatives that may be implemented in the future, alternatives like New
Hope Cross Channel and various stages.0f the Peripheral Canal (PCL 9=11-87).

5. EIR/EIS should address protection of all spawning, migratory and habitat areas for fishery (PCL
9-11-87).
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Table B-3 (Continued)

6. EIR/EIS must analyze other options available to enhance the SWP efficiency other than increased di-
versions from the Delta (water banking, offstream storage, Colorado River) (PCL 9-11-87).

7. All feasible alternate means of flood control must be analyzed such as flood-proofing, levee rehabilita-
tion, flood plain rezoning (PCL.9-11-87).

8. Water quality analysis for each alternative should be conducted to help determine feasibility of the
alternative (PCL 9-11-87).

9. The project, as planned, would devastate the vitally important fisheries of the San Francisco Bay-Delta
Estuary (PC1 6-23-89)               "

10. Consider alternatives to water supply: urban and agricultural wastewater reclamation, transfer of
already developed water supplies to other users, using Delta islands as storage facilities, pricing
mechanisms to encourage conservation, ground water recharge, constructing isolated Delta water
conveyance in a canal or buried pipeline (PCL 6-23-89).

11. Fisheries and Wildlife: changing export schedule to reduce adverse impacts, improving screens On CVP/
SWP pumping plants, altering flow from upstream reservoirs to improve anadramous fisheries, isolated
channel (PCL 6-23-89).

12. Flood Control: only implement Phase I, alter upstream reservoir flow, enhance wetlands by using
additional upstream acreage for diversion of.high water flows (PCL 6-23,89).

13. Water Quality: reduce the discharge of pollutants, provide additional drinking water treatment facilities,
improve operations of San Luis Reservoir, provide other isolated facilities (PCL 6-23-89).

14. Cumulative Impacts: relation of project to: lower San Joaquin River Clearing and Snagging Project,
proposals to enlarge channels in the south Delta, proposals to enlarge Clifton Court Forebay, USBR
plans to market additional water to CV-P users, area of origin increased water diversions¯ from the
Delta, additional flood control projects and potential losses of riparian and fisheries habitat, Delta
levee construction and others (PCL 6-23-89).       .

Contra Costa County

1. EIR~EIS must address the effects of water quality on western Delta islands due tO north Delta modifi-
cations (CCC 10-1-87).

2. Analyze the effects of changing flow patterns on fishery (CCC 10-1-87)’ ¯

3. Analyze the impact on the entire Bay/Estuary of increased water exports from the Delta (CCC
10-1-87)..

Defenders of Wildlife

1. EIR/EIS should include comprehensive information on endangered species, fisheries, wetlands, riparian
forests and other natural values that may be affected by the project. DOW opposes any alternative
which would further harm these resources (Defenders of Wildlife 9-14-87).

Downey, Brand, Seymour, and Rohwer Law Offices

1. Flooding in the Stone Lake area is being aggravated by development upstream and raising levees
downstream. The County’s proposed Lambert Road improvements should be completed, and needs of
the Stone Lake area residents should be considered (DBS&R 9=24-87).

Stockton Audubon Society

1. Project impacts on riparian forests must be considered. These are extremely important habitat, includ-
ing areas of regrowth after clearing levees (SAS, 8-25-87).
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Table B-3 (Continued)

2..:Marshy areas, created by seasonal flooding, are very important to wintering waterfowl. Project impacts
on marshes must be considered (SAS, 8-25-87).

3. Preservation of water quality is very important (SAS, 8-25-87).

Betty Kuhn

1. Evaluate flooding due to backwater from Mokelumne River and alternatives for river clearing and levee
improvement (BK 8-18-87).

2 Evaluate flood inducing impact of development in Laguna Creek area and barrier effect of I-5 in
exacerbating flooding on Circle K Ranch (BK 8-18-87).

U. S. Coast Guard

1. Evaluate impact on clearances for navigation at bridges, wingwall structures, and floodgates
(USCG 8-11-87).

U.S Department Of Commerce

1. Recommend withholding of a permit, without prejudice for the project, pending completion of EIS
(USDOC 6-16-89)...

2. Do not object to issuance of permit (USDOC 6-20-89).

U.S. Department Of The Interior, ~ Bureau Of Reclamation

1. Designate USBR as a cooperating agency in the preparation of the subject EIR/EIS. USBR will evalu-
ate the effects of the proiect on the CVP (USBR 6-28-89).

2. USBR has contracted out the field studies and report for threatened and endangered species (USBR
6-28-89).

Department Of Health And Human Services

1. Consider the USPHS Public Health and Safety :Concerns (DHHS 6-14-89).

USACE- Internal Memos

1. Completion of proposed projects will change the elevations of the 100 yr flood plain in the area.
Re-study for flood insurance (FPM Branch 5-26-89).

2. Projects may beincorporated into the corps feasibility study (SP STUD. Branch 5-26-89).

California Department Of Transportation

1. Proposed work should not subject the area’s structures to any additional flood risk, but could alter the
degradation potential of the waterways at these structures (Caltrans/Structures 5-30-89).

2. Reviewed NOP, no comments (Caltrans/Stockton 6-14-89).

State Lands Commission

1. Effects of project on public trust values: recreation, wildlife and fisheries resources, and riparian
vegetation, within the project area and upstream and downstream on the channel modifications
(SLC 6-20-89).
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Table B-3 (Continued)

2. Discuss impacts on public trust values due to changes in oPeration of SWP and CVP pumping plants
and upstream reservoirs. (SLC 6-20-89).

3. Consult SLC before acquisition of land. Many areas involve present or historic tide or submerged
lands, and are therefore sovereign (SLC 6-20-89).

The Reclamation Board

1. Section 8710 of the California Water Code requires DWR to obtain a Reclamation Board permit prior
to construction.

State Water Resources Control Board

1. Recommend preparing a programmatic EIR (SWRCB 6-2-89).

2. Regional boards have jurisdiction over the disposal of dredge spoil materials that could affect water
quality (SWRCB 6-2-89).

California Regional Water Quality Control Board

1. Evaluate impacts On surface and groundwater from disposal activities. Sample and analyze to identify
the types and levels of constituents of potential concern (CRWQCB 6712-89).

2. Minimize turbidity and entrainment of sediment in downstream waters as a criterion for acceptability
(CRWQCB 6-12-89).

Department Of Parks And Recreation - Office Of Historical Preservation

1. USACE must comply with section 106 of the National Historic Preservation Act and 36 CFR 800.
Consider potential effects to archeological or historical resources (DPR 5-9-89),

2. To a11ow complete review by OHP, provide the information requested (DPR 5-9-89).

Brack "[~ract Reclamation District No 21033

1. The reclamation district would like the opportunity to provide input (BTRD 5-30-89).

2. Would like to meet with DWR to explain concerns (BTRD 5-31-89).

3. East of Thornton there are over three miles of nonmaintained levee. Breaks could affect North Delta
area. (BTRD 8-1-89).

4. The project will affect water levels in Hog and .Sycamore sloughs. This may in, pose on water rights.
(B~D 8-1-89).

5. Work is scheduled to start upstream and work downstream. This may cause a bottle neck with water
backing up during the project (BTRD 8-1-89).

6. Dredging may undermine levees (BTRD 8-1-89):

7. Deepening the river will increase seepage into the adjacent property (BTRD 8-1-89).

Reclamation District No. 341 - Sherman Island

1. Examine the possibility, of salt water intrusion due to reduced flow (RD341 5=25-89).

2. Determine if reduced flows to the delta will cause flooding problems elsewhere (RD341 5-25-89).

County Of Sacramento - Environmental Management Department

1. Assess possible ramifications of the dredging disposal. Analyze dredged material for proper disposal.
This may require a classification determination from the Dept. of Health Services. (CoS 6-27-89).



Table B-3 (Continued)

County Of Sacramento - Department Of Parks And Recreation

Examine impacts on water levels, wildlife, fisheries, and recreation in the county’s proposed wildlife
refuge areas (CoS 6-7-89).

Environmental Defense Fund

1. New standards should be set to increase freshwater flow for the Bay/Delta system (EDF 6-20-89).

2. Assess the cumulative impacts, specifically the adverse effects of water diversions by state, federal and
local projects (EDF 6-20-89).

3. A programmatic EIS is called for due to the cumulative nature of the several activities being under
taken by the department which, taken together, constitute a single program for construction of Delta
water conveyance facilities (EDF 6-20-89).

4. Evaluate non-structural water supply alternatives, e.g., transfer of conserved water from existing users
to new users (EDF 6-20-89).

5. Consider economic impact on sport and commercial fisheries, tourism, recreation, property values and
other interests. Explain how the proposed project will be financed (EDF 6-20-89),

6. Impacts to striped bass will be reduced as a result of directing flow away from nursery areas. Consider
impacts of diverting a larger number of Sacramento River striped bass eggs, larvae, and adults into the
area 0EDF 20-89).

~7. Examine temperature impacts on out-migrating salmon smolts of reduced Sacramento River flow
(EDF 6-20-89).

8. Evaluate impact of reduced flow on migrating shad (EDF 6-20-89).

9. Effect of reduced Sacramento River flow on the water quality in the west Delta. Consider increasing
fresh water flow for improving quality (EDF 6-20-89).

10. Consider use of Delta islands for flood control/bypass water storage, and environmental enhancement
purposes (EDF 6-20-89).

11. New levees should be constructed to Division of Safety of Dams specifications. Consider the potential
for reduced levee stability resulting from dredging (EDF 6-20-89).

12. Consider global warming, and the potential for sea level rise and changes in runoff patterns (EDF
6-20=89).                                         :

The Bay Institute

1. DWR’s application should be deferred until the outcome of the Bay-Delta Hearings (TBI 5-23-89).

2. The obvious major purpose of the department’s application is to expand diversion methods and oppor-
tunities to increase exports of water from the Delta (TBI 5-23-89)~

3. The application should be rejected because of the "no net loss of wetlands’~ policy adopted by EPA
(TBI 5-23-89).

Delta Sierra Group

1. The project could and should be designed to enhance wetland habitat. The hibiscus californicus is an
endangered species in areas of the South Fork Mokelumne River and near Beaver, Hog, and Sycamore
Sloughs (DSG 6-12-89).
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Table B-3 (Continued)

Operating Engineers Local Union No~3

1. Operating Engineers Local Union No. 3 strongly supports the project (OELU3 6-6-89).

Devils Island, Inc.

1. Opposes dredging and setbacks until DWR the Corps place rip-rap on the exposed sides of the island,
agree to deposit dredgings on the island to get the surface above the highest level expected, construct
levees, seawalls, and diversion levees to protect the island (DII 6-13-89).

El Camino Boat Club

1. Examine erosion potential of ECBC,s island on .Little Potato Slough, south of Terminous (ECBC
6-13-89).

2. Evaluate the effect of dredging on craYfish and fish in the area (ECBC 6-13-89).

Phillip Isenberg, Assemblyman 10th District

1. Flood control is a cover for water transfer (PI 6-23-89)~

2. Describe benefits to various parties, and the costs to fish and wildlife (PI 6-23-89).

3. Consider alternatives to increased water supply v. water conservation and marketing efforts south of the
Delta (PI 6-23-89).

Robert Schaefer

1. Concerned with the subsiding islands on Little Connection Slough, which will be left in a life trust for
wildlife and recreation (RS call to S. Buer 5-17-89).                          -

George E. Sims, M.D.

1. Allow the McCormacks to lease their land for flood purposes, growing only summer crops, and selling
the stored water in the summer. (GES 6-19-89).

Lloyd B. Ryland

1. Will DWR reimburse property owners at fair market value for property expropriated? (LBR 5-16-89).

Ernest R Brown

1. A salt water barrier at the mouth of the delta, near Pittsburg is a better solution to the water problems
of the Delta (7-24-89).
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INTRODUCTION

Model studies performed in support of the North Delta Management Program (NDP) are described in this

appendix. Smtewide, Delta and North Delta flood models were used as the best available tools to:

Evaluate the engineering feasibility of proposed alternative North Delta configurations, and

Assess potential positive and adverse impacts on statewide water and energy supplies and Bay-Delta

conditions.

NDP model studies were conducted according to the process and steps depicted in Figure C-1. This modeling

process was utilized to perform each model study with themost descriptive and representative assumptions and

input data possible. For example, initial DWR/RMA Delta Hydrodynamics Model studies provided information

necessary to perform DWRSIM model studies, which in turn provided information necessary to perform

DWRDSM model studies. NDP model studies were completed in several steps.

Step 1. -Phase I Delta Model Studies

The DWR/RMA Delta Hydrodynamics Model was used to evaluate the hydrodynamic feasibility (channel stage,

velocity and flow) of 42 proposed alternative North Delta configurations with several representative low flow

summer hydrologies. Model flow results helped to evaluate the relative effectiveness of each alternative

configuration in reducing net reverse flows in the lower San Joaquin River and western Delta. Simulated flows

for each configuration were also used to determine the water transfer relationship (curve) for the proportion of

net Sacramento River flow at Sacramento entering the Mokelumne River system through the Delta Cross

Channel and Georgiana Slough.

DWR/RMA Delta Hydrodynamics Model studies provided a basis to select several alternative North Delta

configurations for in depth hydrodynamic and salinity evaluation and assessment using the DWR Delta

Simulation Model (DWRDSM). These studies also provided the characteristic water transfer relationships for

the selected alternative configurations necessary to run the DWR Statewide Simulation Model (DWRSIM).

Step 2. DWRSIM Statewide Operations Model Studies

The DWRSIM model was used to evaluate potential contributions of the NDP to SWP water and energy supply

reliability over a 57-year period of historic hydrology, as well as, over an extended historic dry-period, namely,

1928 through 1934. CVP operations were held at current levels during the DWRSIM model runs.
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DWRSIM studies were conducted for alternative North Delta configurations selected during Step 1 using the

appropriate Sacramento River to Mokelumne River water transfer relationship. The water transfer relationships

were used in DWRSIM model studies to estimate the impact of North Delta configurations on net reverse flows

in the western Delta, and as a consequence, on additional reservoir releases for carriage water (note: carriage water

is additional water released to repel any ocean salinity intrusion resulting from exports from the south Delta).

From each DWRSIM study, Delta rim hydrology for the same 16 consecutive water years (1963 through 1978)

were selected to conduct Phase II Delta model studies.

Step 3. Phase II Delta Model Studies

The DWR Delta Simulation Model (DWRDSM) was used to help assess the relative hydrodynamic and salinity

improvements and impacts of the alternatives selected from Phase I Delta modeling, Each configuration was

simulated using hydrologic conditions for 16 consecutive water years generated with the DWRSIM Model.

Simulated Delta stages, velocities, flows and salinities were used for the environmental impact assessment.

Step 4. North Delta Flood Modeling Studies

The DWOPER/NETWORK and HEC-1 models were used to evaluate thehydr0dynamic feasibility and impa~cts

of proposed alternative North Delta configurations for large flood events. North Delta configurations selected for

Phase II Delta Model Studies were evaluated using the 100-year flood events for the Morrison Stream Group, the

Cosumnes and Mokelumne Rivers, and Dry Creek. The 1986 flood event was simulated-with the

DWOPER/NETWORK Model as part of the analysis to verify the model using field data.

Model studies for the NDP are further described in subsequent sections of this appendix, namely, Operation

Studies, Delta Modeling Studies, and North Delta Flood Model Studies.

OPERATION STUDIES

Monthly water supply studies of the State Water Project. (SWP) and the Central Valley Project (CVP) systems

were performed with the Department of Water Resources’ statewide simulation model (DWRSIM) to evaluate the

impacts of the North Delta Water Management Program (NDP) on the SWP operations. These water supply

studies account for the total availability, storage, release, and use of water in the Sacramento and San Joaquin

River systems, the Delta, the SWP aqueduct systems south of the Delta, and any proposed additions to the SWP

system such as Los Banos Grandes Reservoir (LBG) and Kern Water Bank (KWB). They represent a

superposition of future water demands and development on the historicalwater supply for the 57-.year period
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from water year 1922 through 1978. Such studies provide montlily data on reservoir storage and releases, and

Delta inflows, exports, and Delta Outflow Index.

To evaluate the impact of the NDP on Delta inflows, exports, and Delta Outflow Index, three sets of water

supply operation studies were simulated assuming SWP projected year 2000 demands of 3.8 million-acre~feet

(MAF). The first set (420 series) assumed that four additional pumps at Banks Pumping Plant were operational

but without other south Delta improvements, thus limiting swP allowable diversion capacity to 6,680 cfs

(7,300 cfs in some winter months if there is sufficient San Joaquin River flow at Vernalis). The second set

(480 series) assumed south Delta facilities such that SWP diversion capacity at the Banks Pumping Plant is

10,300 cfs. The third set (520 series) assumed south Delta facilities, KWB, and LBG are in operation.

A base case and six North Delta alternatives were run for each DWRSIM set of operation studies. DWRSIM

studies were conducted for each of the alternative North Delta configurations selected during Phase I Delta model

studies using the appropriate Sacramento River to Mokelumne River water transfer relationship. The water

transfer relationships were used in DWRSIM model studies to estimate the impact of North Delta configurations

on net reverse flows in the western Delta, and as a consequence, on additional reservoir releases for carriage water~

(note: carriage water is additional water released to repel any ocean salinity intrusion resulting from exports from

the south Delta).

Additional DWRSIM runs were made assuming SWP year2035 projected demands of 4.2 MAF. These studies

(530 Series) assumed the same combination of future facilities as the 520 series.

In all studies, SWP facilities were operated in accordance with SWRCB Decision 1485, the Coordinated

Operation Agreement, agreemerits with the Department of Fish and Game, and agreements and Contracts with

local Delta interests. The operation studies used risk-delivery relationships for SWP deliveries that were

designed to simulate the concept and philosophy of criteria adopted by the DWR’s Division of Planning in

1990. Table C-1 is a detailed list of assumptions used in the operation studies.

The monthly Delta inflows, exports, and outflows simulated with theseoperation studies aided in the analysis of

possible impacts of the NDP on SWP monthly operational changes, SWP reliability, Delta outflows and

outflow pulses, carriage water’ striped bass, Chinook salmon, and other fish species, fish food supplyl Suisun

Marsh, and San Francisco Bay aquatic resources.

Results of these operation studies also provided the hydrologic conditions for the subsequent Delta Studies

conducted in support of the NDP.
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DELTA MODELING STUDIES

Mathematical model studies of flows and salinity in the Sacramento-San Joaquin Delta were conducted in

support of the NDP EItUEIS. These studies were completed in several steps:

¯ selection and preparation of computer models capable of simulating hydrodynamic and salinity

conditions for the Sacramento-San Joaquin Delta based on physical principles-and an accurate

representation of Delta channel configuration;
¯ selection of tidal and hydrologic conditions in magnitude and duration appropriate for planning studies;
¯ preparation of model representation for each proposed facility, channel modification, and export

operation;
¯ Phase I Delta modeling conducted to evaluate the hydrodynamic feasibility of 42 proposed alternative

NDP configurations;
¯ selection of several alternative North Delta channel~onfigurations for more detailed hydrodynamic and

salinity modeling to assess their environmental impacts; and
¯ Phase II hydrodynamic and salinity modeling conducted to assess the relative improvements and impact

of the alternatives selected after Phase I modeling, as compared to projected no-action conditions, over a

wide range of hydrologic conditions.

Delta Mathematical Models Used

Two computer simulation models of the Sacramento-San Joaquin Delta were used for evaluating the

hydrodynamic and salinity responses of various alternative configurations. These models and important

attributes are now described.

DWR/RMA Delta Hydrodynamics Model (1989 verified version). The DWR/RMA Delta

Hydrodynamics Model was selected to simulate water surface elevations and flow/velocity patterns in the Delta.

The Delta is characterized by the model as being bounded by the communities of Sacramento on the north,

Vernalis on the south, and Martinez on the west. A schematic representation of the Delta used for this model is

shown in Figure C-2. The following attributes of this model are of particular importance:

¯ the most up-to-date descriptions of Delta channel bathymetry are used;
¯ timed operations of forebay intake gates such as the SWP Clifton Court Forebay can be simulated;
¯ existing and proposed hydraulic structures such as the Delta Cross Channel, intake culverts to Tom

Paine Slough, andSuisun Marsh Salinity Control Gates can be simulated;
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the most up-to-date descriptions of diversion and drainage return flows in the Delta both in magnitude

and spatial distribution are used.

In 1987, the DWR Delta Modeling Section calibrated the DWR/RMA Delta Hydrodynamics Model using

recorded 15-minute stage data from thirty-nine monitoring stations for July 1 through 4, 1979. The model was

verified using data for July 5 through. 30, 1979. The model was verified in 1989 for high flows using recorded

15-minute stage data from twenty-three monitoring stations for February 1 through 28, 1986. Most recently,

this model was verified for May 1 through 31, 1988, using recorded 15-minute stage data from twenty-seven

monitoring stations, as well as, stage, flow and velocity data from eighteen monitoring sites for ~elected days in

May 1988.

DWR Delta Simulation Model (1989 verified version; developed from the Fischer Delta

Model, Version 7E). The DWR Delta Simulation Model (DWRDSM) was selected to simulate dissolved

salt transport and hydrodynamics in the Delta for a 16-year period (simulationwater years 1963-1978). A

schematic representation of the Delta used for this model is shown in Figure C-3. The following attributes of

this model are noteworthy:

a Lagrangian solution method for dissolved salt transport is used which substantially reduces numerical

dispersion common to Eulerian solution methods;
¯ timed operations of forebay intake gates such as the SWP Clifton Court Forebay can be simulated;
¯ it simulates existing and proposed hydraulic structures such as the Delta Cross Channel, intake culverts

to Tom Paine Slough, and the Suisun Marsh Salinity Control Gates. All gate operation timing can be

specified and gradual gate Opening and closing is used;
¯ the most up-to-date descriptions of diversion and drainage return flows in the Delta both in magnitude

and spatial distribution are used.
¯ it simulates dissolved salt transport (total dissolved solids, TDS) in the Delta for numerous consecutive

years on a 10-minute time interval.

In 1989, the DWR Delta Modeling Section calibrated and verified the hydrodynamic module, DWRDSM/Hydro

using recorded 15-minute stage data from twenty-seven monitoring stations for May 1 through 31, 1988, as well

as, stage, flow and velocity data from eighteen monitoring sites for selected days in .May 1988. In 1990,

DWRDSM/Hydro was also verified against 15-minute stage data for the Delta and Suisun Marsh for December

1988, February 1989, April 1989 and December 1989. In 1989, DWR calibrated the salinity transpoa module,

DWRDSM/Qual using the 19~year mean, 25-hour tide at Martinez and hydrology and salinity data for the endre

year of 1968. DWRDSM/Qual was calibrated using mean tidal day salinity data (electrical conductivity

converted to total dissolved solids) from sixteen monitoring sites for 1968.
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Phase I Delta Modeling

Phase I modeling evaluated the feasibility of various combinations of North Delta channel configurations under

a representative range of summer hydrodynamic conditions. This was accomplished by simulating Delta flows,

velocities, and water levels under extreme summer hydrologic .conditions with the DWR/RMA ~Delta

Hydrodynamics Model. This process consisted of: 1) selecting and preparing an appropriate tide, Delta channel

diversion and drainage return data, and hydrologic conditions, 2) defining a large number of alternative North

Delta configurations and envelope of hydrologies, 3) evaluating the alternatives with the DWR/RMA Delta

Hydrodynamics Model using six different hydrologies, 4) defining and evaluating additional alternatives with a

single representative hydrology and, 5) final evaluation and selection to determine alternatives for Phase II Delta

model studies.

The DWR/RMA Delta Hydrodynamics Model was run for one tida! cycle.with the 19~-year mean,25-hour tide

for Martinez. Th~is was considered reasonable for the evaluation and comparison of various alternative

configurations based on average water, level, net flow and net velocity patterns in the Delta. It was also

considered reasonable for the evaluation of general trends in instantaneous 15-minute water levels, flows and

velocities and determining the net water transfer from the Sacramento River to the Mokelumne River system

through the Delta Cross Channel and Georgiana Slough.

Assumptions and Input. The boundary tide at Martinez/Benicia in Carquinez Strait was selected to

represent an average tidal pattern. Delta consumptive use patterns and boundary Delta hydrologic conditions were

selected to collectively provide a representative critical summer condition. It is anticipated that performance of

alternative North Delta configurations would frequently be better than those studied in the Phase I modeling.

Improvements to Delta water conditions were assessed by examining reductions to net reverse flow in the lower

San Joaquin River with and without 10,300 cfs SWP export pumping capacity and by checking flow patterns in

North Delta channels. Modeling results incorporating North Delta alternatives are assumed to exhibit a

comparable incremental impact on Delta hydrodynamics as would be observed in the field.

a. Boundary Tide. The 197year mean, 25-hour Martinez tide is imposed at the boundary to drive the system

hydrodynamics. This tide is presented in Figure C-4.

b. Delta Consumptive Use. For Delta modeling, Delta channel diversions and drainage return flows were

estimated by DWR with a consumptive use analysis of 142 areas in the Delta anda survey of current diversion

siphons and drainage pipes. Constant rates for channel diversions and drainage returns over one tidal cycle (25

hours) were used for the DWR/RMA Delta Hydrodynamics Model. Delta-wide channel diversions, drainage

returns and net channel depletion are presented in Table C-2.                             .
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c. Boundary Hydrologic ~Conditions. Six different Delta hydrologic conditions were used in PhaseI

modeling to characterize three SWP export levels and four different Sacramento River flows. The six Delta rim

hydrologies used in Phase I Delta modeling are reported in Table C-2 as hydrology sets 1 through 6. The first

three hydrologies represent a Net Delta Outflow Index of 2500 cfs as mandated by Decision 1485, while the

other three cover a~wide range of SWP export pumping with Sacramento River flow remaining constant.

d. SWP Forebay Gate Operation. The Victoria-Byron-Clifton Court Forebay alternative from the South

Delta Water Management Program with intake gates on Middle River at Woodward Canal was used in all Phase

I Delta model studies. This whs necessary to enable SWP exports of 10;300 cfs. The operation of SWP

forebay intake gates for Phase I is Shown at the top of Table C-3. This operation was designed to 1) take water

into the SWP forebay through the peak of the high-high tide and through the low-high tide and 2) discontinue

forebay inflow during .the low-low tide and high-low tide. The tide at the forebay intake gate location was

simulated with the DWR/RMA Delta HydrOdynamics Model without SWP exports, The resulting tide stages at

the Middle River forebay intake gate location is presented in the center panel of Table C-3. Forebay gate

operations were then determined by using the Phase I gate operation in conjunction with the simulated tide for

Middle River at Woodward Canal. The resulting gate operations are presented at the bottom of Table C-3.

e. North Delta Configurations. Alternative North Delta configurations evaluated in Phase I modeling

were comprised of different combinations of existing and proposed channel configurations and DeltaCross

Channel gate dimensions. These alternative configurations were generated with different combinations of the

following components:

Enlarging portions of the south and north forks of the Mokelumne River, Georgiana Slough,

Snodgrass Slough, Dead Horse Cut, Little Potato Slough, and Little Connection Slough. Channel

enlargement consisted of dredging and in some cases levee setback;
¯ Increasing Delta Cross Channel flow capacity; and
¯ Using Staten Island and small portions of Bouldin and Andrus Islands as a floodway.

All components that were considered are shown in Table C-4. Each component is defined and given an

identification number in Table C-4, and Phase I Delta modeling alternative configurations are reported in Table

C-5: The South Delta.configuration described in the previous section was kept the same for all North Delta

configurations.

The first 21 alternative configurations listed in Table C-5 were defined by combining various components listed

in Table C-4. Every combination was simulated with the six different hydrologies presented in Table C-2 to

evaluate how each alternative impacted the Delta under various hydrodynamic conditions. After the first 21

alternative configurations were completed, changes in North Della flow patterns for each hydrology became more
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predictable. Therefore, configurations 22 through 42 were only simulated using hydrology set 2, a typical

summer hydrology. Configurations 22 through 42 were simulated to address specific questions about additional

components and the sensitivity of previous ones to the additional components. Differences in results between

runs were analyzed.

All model results were evaluated in relation to the No-action (base Case) configuration, configuration 1 in Table

C-5. The base case configuration includes the following components:

¯ Existing North Delta configuration
¯ Victoria-Byron-Clifton Court Forebay
¯ SWP Forebay intake on Middle River at Woodward Canal
¯ Tidal barriers in the south Delta in Middle River, Old River and Grant Line Canal
¯ Delta Cross Channel gates open
¯ Suisun Marsh Salinity Control Gates operating

Phase I Modeling Results. DWR/RMA Delta Hydrodynamics Model simulations were conducted with the

tide and hydrology data mentioned above, for each North Delta configuration displayed in Table C-5. Model

results include minimum, mean and maximum tidal cycle water surface elevations; minimum, maximum and

net tidal cycle velocities and flows;, and 15-minute velocities and flows over the 25-hour simulation period.

Model results for configurations 1 through 21 for six different hydrologies were presented graphically to expedite

the comparative evaluation of many simulations. For these configurations, the following graphical displays

were generated and analyzed:

1. Average Tidal Cycle Flows in the Delta~

2. Average Tidal Cycle Flows in the North Delta,

3. A~erage Tidal Cycle Velocities in the North Delta,    ~ "

4. Maximum Tidal Cycle velocities in the North Delta,

5. Minimum Tidal Cycle Stages in the North Delta,

6. Flow Profiles at Key Delta Locations

7. Velocity Profiles at Key Delta Locations

Sample model results are presented in Figures C-5 through C-7 for the base case configuration (Table C-5) with

hydrology set 2 (Table C-2). Items 1 and 5 are displayed in Figure C-5, items 2 and 6 are displayed i.n Figure

C-6, and items 3, 4 and 7 are displayed in Figure C-7. The twelve locations presented in items 6 and 7 are

important locations with respect to alternative North Delta configurations: The DWR/RMA Delta
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Hydrodynamics Model channel numbers are listed in Figures C-6 and C-7 (e.g., C-139) for the flow and velocity

reporting locations (see Figure C-2 for model grid mapi.

Model results for configurations 22 through 42 were analyzed using stage, flow and velocity data for a number

of channels at key locations, in the North and West Delta. These configurations were run with hydrology set 2.

Selection Of Phase II Alternative Configurations

For Phase II Delta modeling, three alternative North Delta configurations were selected from the 41 alternatives

evaluated in Phase I Delta modeling. These alternatives were selected based on a combined assessment of stage,

flow and velocity improvements for flood and low flow conditions, and a cost analysis. In addition, each of the

three selected alternatives were evaluated once with the existing SWP Clifton Court Forebay and once with the

enlarged SWP forebay, namely, the Victoria-Byron-Clifton Court Forebay. These six alternatives, and the

configuration representing existing Delta conditions (designated as the no-action alternative) are summarized in

Table C-6.

It should be noted that the configuration identification numbers reported in Table C-6 are not the same as the

alternative identification numbers reported in Tables C-7 through C-11. A cross reference is reported in Table

C-6 in the column labeled ALT.

Phase II Delta M~deling

Phase II modeling generated the information to assist the evaluation of environmental impacts of alternative

combinations of North Delta facilities. This was accomplished by 1) selecting an appropriate time period that

has a range of hydrologic conditions, 2) evaluating the mean monthly hy&odynamic responses of the no-action

and six alternative configurations reported in Table C-6 with DWRDSM/Hydro, and 3) evaluating the mean tidal

daily salinity responses of the alternatives with DWRDSM/Qual.

Assumptions and Input. The following is a description of the assumptions and input used in the

modeling runs:

a. Boundary Tide. The 19-year mean, 25-hour Martinez tide was used for the boundary tide.
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b. Boundary Salinity. DWRDSM/Qual is driven by a specified salinity boundary condition for Martinez.

The simulation model SALDIF4 was used to generate the boundary salinity data in the form of daily average

salinities (TDS) at Martinez. SALDIF4 requires net Delta outflow as input. Net Delta outflow data was

extracted from the DWRSIM base condition study (2000-BASE-423D). Program SALDIF4 was executed

sequentially for the 57 years of monthly net Delta outflow data available from DWRSIM to produce a 57 year

record of tidal daily average salinity at Martinez. This data set was used for boundary salinity in each of the

seven runs.

c. Delta Consumptive Use. For Delta modeling, Delta channel diversions and drainage return flows were

estimated by DWR with a consumptive use analysis of 142 areas in the Delta and a survey of current diversion

siphons and drainage pipes. Constant rates for channel diversions and drainage returns over one tidal.cycle (25

hours) were used for DWRDSM/Hydro to represent monthly average conditions .The monthly diversions and

returns from the consumptive use analysis were adjusted to obtain the same net Delta channel depletions used in

DWRSIM operations studies. Concentrations of the drainage water were assigned based on field data reported in

DWR Bulletin 123.

d. Boundary Hydrologic Conditions. ,Delta hydrology data were provided by DWRSIM studies

discussed in the Operation Studies section. These studies provided monthly average Delta inflows, exports, and

net Delta outflow index over a 57-year study period reflecting the comp~onents in the NDP.with:and without

alternative South Delta facilities. For Phase II modeling, Delta boundary hydrology was changed once per

month for 16 consecutive years to evaluate and compare the impact of various alternative configurations on

monthly average salinity throughout the Delta. The 16 year period was selected to include all water year types,

wet, above normal, below normal, dry, and critical.

e. SWP Forebay Gate Operation. The SWP Forebay was operated with a hydraulic gradient criteria.

Flow is allowed into the forebay when the water surface elevation outside the forebay is greater than the water

surface elevation inside. When the water surface gradient is reversed, the forebay intake is closed. This gate

operation was designed to take water into the SWP forebay whenever possible. Tide barriers were placed in

south Delta channels near the forebay intake when the enlarged forebay and 10,300 cfs export capacity were

simulated. Each of the three North Delta configurations were simulated with both the existing Clifton Court

Forebay and the Victoria-Byron-Clifton Court Forebay. The existing forebay is 2100 surface acres and the

maximum inflow is constrained to 15,000 cfs. The enlarged forebay is 5000 surface acres and the maximum

intake rate is 30,000 cfs.
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fi Channel Modifications. Channel geometry in the DWRDSM model was modified, when necessary, to

simulate the NDP configurations reported in Table C-6.

g. Delta Cross Channel Gate Operation. Decision 1485 requires that the Delta Cross Channel be

closed between January 1 and April 15 if the daily Delta Outflow Index (DOI) is greater than 12,000 cfs.

Between April 16 and May 31, the Delta Cross Channel gates are required to be closed if the DOI is greater than

12,000 cfs, but for no more than. two consecutive days in four, and no more than 20 days total. Since

DWRSIM generates monthly average hydrology data, DWRDSM simulations were made with the Delta Cross

Channel gates closed when the DOI from DWRSIM was greater than 12,000 cfs between January 1 and April

31.

h. Alternative North Delta Configurations. The no-action and six alternative configurations selected

for Phase II modeling are defined in Table C-6 and depicted in Figure C-8. Each of the three alternative North

Delta configurations were simulated with two south Delta configurations, namely, the existing Clifton Court

Forebay and the enlarged Victoria-Byron-Clifton Court Forebay with intake on Middle River at Woodward

Canal. A!ternative North Delta configurations include a combination of dredging and levee setback in North

Fork Mokelumne River, South Fork Mokelumne River, Snodgrass Slough and Dead Horse Cut, and

enlargement of Delta Cross Channel gates. Included with the Victoria-Byron-Clifton Court Forebay are enlarged

forebay intake gates~ tide barriers in Middle River, Old River and Grant Line Canal, and dredging in Middle

River near the enlarged forebay intake.

The no-action (base case) and six alternative configurations presented in Table C-6 were evaluated with both the

hydrodynamic and salinity modules of DWRDSM. These simulations were made with the tide, channel

depletion and hydrology data described above to represent mean monthly hydrodynamic conditions for water years

1963 through 1978.

Phase II Modeling Results. Phase II modeling provided monthly average water levels, and net velocities

and flows, as well as, monthly average, minimum and maximum surface zone salinity as total dissolved solids

(TDS) throughout the Delta. The analyses for environmental impacts of North Delta configurations were based

on the monthly averages for daily maximum, minimum, and average water levels, net flows and net velocities,

as well as, monthly average TDS throughout the Delta.

Three of the seven North Delta configurations evaluated in Phase II Delta modeling were included in the final

eleven alternative North Delta configurations evaluated in Chapter 5 (Environmental Impacts). Configurations

1, 2 and 4 in Table C-6, are Alternatives. 1, 2A, and 3B, respectively, of the final eleven alternatives. Model

studies were not performed during Phase II Delta modeling for the remaining eight alternatives evaluated in
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Chapter 5. The Reverse Flow Index was developed and used to estimate the hydrodynamic and salinity impacts

for the remaining eight alternatives.

The Reverse Flow Index is the net tidal cycle reverse flow in the western Delta as defined in Chapter.5, Reverse

Flow Section. The Reverse Flow Index was determined for each North Delta configuration evaluated in Phase I

Delta modeling (Table C.5) using the DWR/RMA Delta Hydrodynamics Model with hydrology set 2 (Table C-

2). Reverse Flow Index was related to the channel cross sectional area of the South Fork Mokelumne River for

various configurations. One curve was constructed for each Delta Cross Channel gate size to develop a family

of curves. Reverse Flow Index was also related to other environmental lbarameters to evaluate the overall

validity of the Index. These parameters include Sacramento River to Mokelumne River water transfer ratio, net

Delta Outflow Index, and TDS.

The constructed curves were used to estimate net reverse flow and TDS for North Delta configurations not yet

modeled based on the desired channel cross sectional area modification and Delta Cross Channel gate size.

a. Sample Graphical Display. Model results were presented graphically on Delta schematic maps to

show mean monthly salinity conditions for each alternative for comparative evaluations. An example schematic

map with contours of monthly average total dissolved solids in the Delta is shown in Figure C-9.

b. Summary Tables. Tables C-7, C-8, C-9, C-10, C-10A and C-10B contain simulated monthly average

salinity at Decision 1485 standards locations. The information shown in these tables should only be used to

compare the various alternatives in the NDP based on the relative changes in TDS from the no-action alternative

(Alternative 1). Reported salinity values are PrOvided to indicate the general range of changes in Delta TDS for

the alternatives under a wide range of hydrologic conditions. Absolute TDS values for the interior Delta are not

reported because DWRDSM salinity results for this region can be significantly affected by the drainage return

qualifies which were specified as inputs to the model.

Simulated monthly average net flows for Sacramento River, Georgiana Slough and the Delta Cross Channel are

reported in Table C-11 for the final eleven alternative North Delta configurations for five water year types. The

water transfer ratio (transfer coefficient) is defined as the sum of net Delta Cross Channel and Georgiana Slough

flows divided by Sacramento River flow near Sacramento. The water transfer ratio was determined for each

alternative on a monthly basis and are reported in Table C-11.

The water transfer ratio is an indication of the capacity of the Delta Cross Channel and Georgiana Slough to

divert water from the Sacramento River to the Mokelumne River system, and to reduce net reverse flow in the
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western Delta. Higher ratios indicate larger water diversionsinto the Mokelumne River system and reductions

in net reverse flows.

Flows reported in Table C-11 are from Phase II Delta model studies using DWRDSM fo~ alternatives 1, 2A and

3B, and estimates using the Reverse Fl0w Index for the other eigh~ alternatives. The ratios are for hydrodynamic

conditions simulated with the existing South Delta configuration, and for hydrologic conditions simulated with

DWRSIM assuming existingwater storage facilities south of~the Delta.

NORTH DELTA FLOOD MODELING STUDIES

The purpose of this study was to analyze the impact of a 100-year flood event on the northern Delta area. This

was done in the following stages:

1. Used DWR/RMA Delta Hydrodynamics Model to establish initial conditions.

2. Developed mathematical relationship to represent Lambert Road hydraulic structure.

3. Simulated 1986 Flood to verify the model. Compared the results of model against field data. Levee

break analysis was part of this simulation.

4. Developed the 100-year flood hydrographs for the rim flows at Morrison Creek, Dry Creek,

Mokelumne, and Cosumnes Rivers.

5. Used the 100-year flood stage at Georgiana Slough as the downstream boundary condition.

6. Based on the current channel geometry, and configuration, made the model runs and analyzed the

results.     :

7. Tested different channel geometry alternatives, including various combinations of dredging and levee

set backs, with and without the proposed Lambert Road Structure, wiih a range of levee break

scenarios, and using both the February 1986 flood hydrology and the 100-year flood hYdrology.

Geographical Extent

The area under investigation (Figure C-10) starts upstream of Mo~rison Creek near Freeport in the north,

southern end of the North Fork and the South Fork of the Mokelumne in the south, western levees along

Snodgrass Slough and the North Fork of Mokelumne in the west, and Ray Road and upstream portions of the

Cosumnes and Mokelumne Rivers in the east. The NETWORK model schematics for area under investigation

is illustrated in Figure C-11.
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Mathematical Models Used in the Analysis

DWOPER Model The DWOPER model is a dynamic wave operational model developed by NWS

Hydrologic Research Laboratory in the early 1970s. This dynamic wave routing model is based on an implicit

finite difference solution of the complete one-dimensional St. Venant equations of unsteady flow. The model is

implemented where backwater effects and mild bottom slopes are most troublesome for hydrologic routing

methods. It is in operational service or in the process of being implemented on the Mississippi, Ol~io,

Columbia, Missouri, Arkansas, and some other rivers in the country.

DWOPER features the ability to use large time steps for slowly varying floods and to use cross-sections spaced

at irregular intervals along the river system. The model is generali~zed for wide applicability to rivers of varying

physical features, such as irregular geometry, variable roughness parameters, lateral inflows,~ flow diversions, off

channel storage, local head losses such as bridge contraction-expansions and weir or culvert flow, lock and dam

operations, and wind effects.

The Corps has used an earlier version of the model in the past to analyze flooding in the area under

investigation. The limitation with this earlier model was that it could not model the complex branching and

interconnections of the North Delta channels.

NETWORK Model. The NETWORK model is a generalized dynamic wave model for one-dimensional

unsteady flows in a single or branched waterway. It contains all of the capabilities available in DWOPER plus

the ability to handle the sparse matrix of equations resulting from the analysis of branched estuaries. The

Lambert Road Structure (Figure C-12) containing culverts, flap gates, and weir flow capability is

mathematically simulated (Figure C-13).

The NETWORK model is being used to analyze the impact of a 100 year flood event in the North Delta area. A

grid, illustrated in Figure (C-11), containing the important channels which convey water in the event of a 100

year flood was prepared. This grid has 118 cross-sections, 35 off channel storage areas, 19 lateral inflow and

outflow locations, and 6 junctions.

The NETWORK model has been applied to simulate the February 1986 flood event in the North Delta. The

model results agree with the historic data fairly well. The levee breaks around McCormack Williamson Tract,

Glanville Tract, Dead Horse Island, New Hope Tract, and Tyler Island during the 1986 Flood have been included

in the NETWORK model simulations. The observed tidal stage data at Georgiana Slough near the junction of

the North Fork and South Fork Mokelumne was used as the downstream boundary condition.

311

C 071 440
C-071101.341



To simulate the 100-year flood event, it was assumed that only McCormack Williamson Tract and Glanville

Tract levees were breached when the stage at these locations reached elevation 13 feet NGVD. The 100-year

flood Stage of 7.7’ NGVD was used at the lower boundary and it was kept constant throughout the simulations

to prevent tidal fluctuations from distorting the alternative analysis. Channel modifications alter the timing as

well as magnitude of the flood peak. If the peak of the flood wave coincides with high tide the resultant stage

could be significantly greater than if it coincides with a lower tide.

Geometry and Manning’s ’n’ Values

There were a number of Steps in determining and compiling the geometry and the Manning’s ’n’ values used in

the NETWORK model. First, the necessary cross-sections were identified. Second, sources for cross-section

data were identified. Third,’ Manning’s ’n’, storage areas, and channel lengths between the cross-sections were

described. Finally, all of the components were entered into a program GEDA, which converts HEC-2 input data

to DWOPER/NETWORK input. The following is a more detailed discussion of the process.

Topographic maps Were used to determine cross-section location and boundaries. All necessary cross-sections

were drawn On the maps. cross-sections were selected and spaced along the channels to adequately describe

transitions, structures, storage areas, and gradual Variations in channel geometry as required by th6 model.

Data for the cross-sections came from topographic maps, Delta modeling data, and field surveys. Around the

northern Morrison Creek area and the eastem Mokelumne River/Cosumnes River area, topographic map data

was used to develop cross-sections. Field surveys covered the areas south of Lambert Road on Snodgrass

Slough, Dead Horse Cut, Mokelumne River west of Interstate-5 to New Hope Landing, Lost Slough, Beaver

Slough, Hog Slough, and Sycamore Slough. Delta modeling data covered the North and South Fork

Mokelumne Rivers. Benchmarks used in the survey were identified to facilitate future surveys and accuracy

checks.

For each cross-section and channel length Manning’s ’n’, storage, and length were described. Manning’s ’n’ for

each cross-section was determined through pictures, field inspection, and engineering judgment. The ’n’ values

were chosen to coincide with winter-spring conditions. Flow lines were drawn between cross-sections to

determine active and inactive areas as well as curvature between cross-sections. Channel segment lengths were

measured from iopographic maps.
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Simulation of the 1986 Flood

A period of eight days starting at one o’clock in the morning on February 14,1986 and ending at mid-night on

February 21,1986, during the 1986-Flood, ~was chosen for the NETWORK model simulation purpose. The

input hydrographs at the junction of Mokelumne River and Dry Creek and at Cosumnes River were developed

by using combination of historic data, HEC-1 model, and river routing ( Figure C-14). The Morrison stream

group input hydrographs are illustrated in Figure C-15 and the combined inflow hydrograph is shown in Figure

C-16.                                                 "

The actual levee break hydrographs for the simulation period at McCormack Williamson Tract, Glanville Tract,

Dead Horse Island, Tyler Island, and New Hope Tract are illustrated in Figure C-17.

The recorded historic tide at Georgiana Slough for the period of the eight days was used as the downstream

boundary tide (Figure C-18).

Stage and Flow at Lambert Road StruCture. For the 1986 flood, actual levee breaks, no-action

alternative, and current Lambert Road Structure scenario the stage and flow plots are presented in Figure C-19.

These represent the stages and flows at cross section no. 77, just upstream of the structure, and cross section no.

78, located at downstream of Lambert Rd. The elevation at top Of the bridge deck is 11 feet,NGVD. The

Lambert Road Structure has flap gates at the downstream end. These flap gates do not allow water to flow

upstream as long as the stage stays below the top of bridge deck elevation, 11 feet,NGVD. Flow reversal

occurred when the stage at downstream became higher than 11 feet. This period is indicated by the negative

value for the flow in the flow plot at the bottom. The period of no flow (flow=0.0) represents the condition

when the stage at downstream was higher than upstream but less than 11 feet, NGVD.

Water Surface Profiles. In order to plot the water surface profiles along different channels in the study

area, two profile alignments were chosen (Figure C-20). Profile A covered the channels starting at section no.

54, starting point along the Morrison Stream Group, Snodgrass Slough, and the North Fork of Mokelumne.

Profile B contained the channels starting at section no. 6, junction of Mokelumne and Dry Creek, Mokelumne

River, and the South Fork of Mokelumne.

The water surface profiles at four different times were plotted in Figure C-21. These included the water surface

profile at 4 PM on February 15 ( that was during low flow period), the water surface profile at 2 PM on

February 18 (just prior to flooding), at 6 AM on February 20 Oust about flood peak), and at 2 AM on

February 21 ( immediately after the floodir~g peaked).
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Flow Schematics Along Different Channels. The magnitude and direction of the flow at different

channels and during the four different times ( same as those picked for the Water Surface Profile study) is

illustrated in Figures C-22 through C-25. The bold numbers next to the arrows indicate the magnitude and the

numbers inside the arrows represent the channel cross sections.

Model Verification. The NETWORK model used in this study was not calibrated under a specific

hydrologic condition. However, the Manning’s "n" values used in the simulation were carefully determined by

field inspections and engineering judgments. The channel cross sections were determined very carefully also.

Then the model was applied directly to simulate the 1986 Flood without making any adjustments to Manning’s

"n" values. Therefore, this was considered as the verification run. Three locations where the stage was recorded

for the whole simulation period were chosen for the verification purpose. These stage stations were: The Delta

Cross Channel, Benson’s Ferry, and New Hope Landing. The result of the model run and the recorded historic

stage data are plotted in Figures C-26 through C-2,8. Figure C-28 indicates that the stage recorder at New Hope

Landing was out of order during February 18 and part of February 19.

Comparison of the Impact of Different Alternatives. During this investigation, many different

alternative scenarios were studied. However, only the impact of the: preferred alternative and the proposed

Lambert Road Structure are presented here. For the actual levee breaks as they occurred during the 1986-Flood

and current channel configurations, the no-action alternative, the impact of the proposed Lambert Road Structure

is illustrat~l in Fig. (2-29. To study the impact of the preferred alternative p!an, the 1986-Flood hydrology was

used with the. assumption that only McCormack Williamson Tract and Glanville Tract would be flooded when

the stage at Mokelumne River around McCormack Williamson Tract reached elevation 13 feet, NGVD. The

impact of the preferred alternative with the current Lambert Road Structure is illustrated in Figure C-30. The

same model run was repeated with the assumption the the proposed LambertRoad Structure would be in place

and the result is indicated in Figure C-31.

Simulation of the lO0-Year Flood

To simulate the 100-Year flood event in the North Delta study area, it was assumed that the most critical case

would be the one if a 100-Year storm occurred over Cosumnes River Basin. Based on this assumption the 100-

Year flood inflow hydrographs for Cosumnes and Mokelumne Rivers and Dry Creek were developed (Figure C-

32). A simulation duration period of eight days was chosen for the analysis purpose. The 100-Year inflow

hydrographs for the Morrison Stream Group, with the assumption of the 100-Year storm centering over

Cosumnes River, were computed from the local rainfall data by using the HEC-1 model. The current level of

development at Mordson Creek Basin was considered for this analysis (Figure C-33). The combined 100-Year

hydrograph for the Mordson Stream Group is plotted in Figure C-34).
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Different level of development at Morrison Creek Basin and the centering of the 100-Year storm over different

location in the North Delta study area would produce considerably different inflow hydrograph for the Morrison

Stream Group. The following inflow hydrographs were computed by HEC-1 but were not used for the flood

analysis. These are illustrated in Figures C-35 through C-38.

The levee break hydrographs for the 100-Year flood analysis are plotted in Figure C-39. It was assumed that

when the stage at the Mokelumne River channels around McCormack Williamson Tract reached elevation 13

feet, NGVD, then these levees and Glanville Tract would be breached. The levee breach hydrographs are shown

in Figure C-39.

The 100-year flood was simulated by assuming the 100-Year flood stage of 7.7 feet, NGVD at Georgiana

Slough as the downstream boundary condition. The stage was kept constant throughout the simulation.

Some of the results of the model runs for the 100-Year flood analysis in the North Delta area, produced by the

100-Year storm over Cosumnes River Basin and considering current level of development in the Morrison Creek

Basin are presented in the foll~owing.

Water Surface Profiles. The water surface profiles for four different scenarios are plotted in Figure C-40.

For the 100-Year storm centering over Cosumnes River Basin and the current level of development at Morrison

Creek Basin, the four scenarios were:

1. No-Action Alternative/Current Lambert Rd Structure,

2. Preferred Alternative/Current Lambert Rd Structure,

3. No-Action Alternative/Proposed Lambert Rd Structure, and

4. Preferred Alternative/Proposed Lambert Rd Structure.

Velocity Profiles. In order to study the impact of the preferred alternative plan on the channel velocities,

plots of the velocity profiles at different locations were made (Figure C-41). These plots include the velocity

profiles for the no-action alternative for Comparison purpose. For both conditions, it was assumed that the

levees around McCormack Williamson Tract and Glanville Tract would be breached when stage at these

locations reached 13 feet,NGVD, the 100-Year storm centered over Cosumnes River Basin, with current level of

development at Morrison Creek Basin, and with current Lambert Road Structure.

315

C--071 444
C-071101.345



Summary

The peak stages at various locations with in the study area for different scenarios are tabulated in Tables C-12

and C-13. Table C-12 contains the recorded February 1986 peak stages at different stations and the peak stages

for six different model runs for the 1986 Flood simulation considering various scenarios. The 100-Year peak

stages, computed by the NETWORK model, based on different set of assumptions are tabulated in Table C-13.

These assumptions are listed as the headings at top of the table. Summary of the flood statistics for both the

February 1986 and the 100-Year Flood events are illustrated in Table C-14.
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TABLE C-1
BASIC ASSUMPTIONS AND OPERATION CRITERIA IN STATEWIDE OPERATION STUDIES

IN SUPPORT OF NORTH DELTA WATER MANAGEMENT PROGRAM

1. 420 Series
A. No-Action Study (423 D)
¯ 2000 leve!hydrology and upstream depletion, based on DWR Bulletin 160-74 projections
(57 years: 1922-1978).
¯ No North Delta or South Delta Improvements.
¯ Sherman Island Overland Facility in operation, thus satisfying the water quality requirements specified in the
DWR contract with the North Delta Water Agency.
¯ Minimum Delta outflow requirements maintained to satisfy D-1485, assuming the Interim Suisun lVl~rsh
Criteria.
¯ Carriage water requirements based on the allowable export / salinity repulsion curves for Rock Slough,
designed to maintain a water quality of 130 ppm during winter and spring months and 225 ppm during summer
and fall months.
¯ SWP Banks Pumping Plant capacity with 4 new pumps is set at 6,680 cfs (or 7,300 cfs in some winter
months) in accordance with the USCE operating permit criteria. Pumping is limited to 3,000 cfs in May and
June, and 4,600 cfs in July to comply with D-1485 criteria for striped bass survival. Additionally SWP pump
ing is limited to 2,000 cfs in any May or June in which storage withdrawals from Oroville Reservoir are
required for export (per the January 5, 1987 Interim Agreement between DWR and the California Department
of Fish and Game).
¯ CVP Tracy Pumping Plant capacity is 4,600 cfs, but Constraints along the Delta Mendota
Canal and at the relift pumps (to O’Neil Forebay) restrict capacity to 4,200 cfs at that point. Pumping also
limited to 3,000 cfs in May and June in accordance with D-1485 criteria.
¯ Wheeling of CVP water through SWP facilities to San Luis Reservoir only when unused SWP Banks
Pumping Plant capacity is available. Annually, the amount of CVP water wheeled is limited to what is needed
to offset the CVP Tracy Pumping Plant’s compliance with D-1485 criteria.
¯ CVP/SWP sharing of responsibility for the coordinated operation of the two projects maintained per the
Coordinated Operation Agreement; with Storage withdrawals for in-basin use split 75 percent CVP/25 percent
SWP, and unstored flow for storage and export split 55 percent CVP/45 percent SWP.
¯ San Luis Joint Reach canal (check 12) enlarged by 1,000 cfs, to a capacity of 8,100 cfs at its smallest reach.
¯ East Branch of the California Aqueduct is enlarged by 1,500 cfs, to a final capacity of 3,149 cfs, downstream
of Alamo Power Plant, and 2,811 cfs at Devil Canyon Power Plant. The Santa Ana Pipeline to Lake Perris has
been enlarged to 730 cfs capacity to supply the demands of Reaches 28G through 28/.
¯ Trinity fiver minimum fish flows maintained at 340, 220 or 140 TAF/year using the Shasta criteria, per recent
agreement between the USBR and the U.S. Fish and Wildlife Service.
¯ Sacramento River fishery flows below Keswick Dam maintained per the agreement between U. S. Bureau of
Reclamation and California Department ofFish & Game (revised October 8) ranging from 2600 to 3900 cfs
depending on the time of year.
¯ Sacramento River navigation control point (NCP) flows maintained at 4,000 cfs (April -October) or 3,000. cfs
(November - March) at Wilkins Slough, in accordance with the original legislation that authorized the CVP in
1935 and 1937. Flows would be reduced in critical water years.
¯ Feather River fishery flows maintained per the agreement between DWR and the California Department of
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TABLE C-1 (Continued)
BASIC ASSUMPTIONS AND OPERATION CRITERIA IN STATEWIDE OPERATION STUDIES

IN SUPPORT OF NORTH DELTA WATER MANAGEMENT PROGRAM

A. No-Action Study (423 D) (Continued)

Fish & Game (August 26, 1983). In normal years these minimum flows are 1700 cfs from October through
March and 1000 cfs from April through September, with lower minimum flows allowed in dry/critical water
years.
¯ Oroville flood control ~torage based on the 1989 USCE revised diagram.
¯ American River minimum fish and recreation flows based on the storage in Fol_som Lake
per USBR operation criteria, as follows:

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

CFS MIN 20~0 1500 1500 1500 1500 1500 1500 2000 2000 2000 2000 2000
W/STO > 600 600 600 650 710 760 850 900 . 800 800 700 650

CFS MIN 1375 1250 1250 1250 1250 1250 1250 1375 1500 1500 1500 1500
W/STO > 400 400 400 400 - 550 600 650 750 700 610 500 400

CFS MIN 1000 11300 1000 10130 1000 1000 1000 1375 1500 i500 1500 1250
W/STO > 300 250 250 350 520 570 600 570 500 400 350 300

CFS MIN 500 500 500 500 500 500 500 500 500 500 500 500
W/STO > 200 200 100 220 ~300. 380 400 350 300 300 250 200

CFS MIN 500 500 500 250 250 250 250 250 250 250 250 375
W/STO 90 90 90 90 90 90 90 90 90 90 90 90

¯ Stanislaus River minimum fish flows below New Melones Reservoir are set at 98 TAF/year per earlier
agreements between California Department of Fish & Game and U. S. Bureau of Reclamation.
¯ San Joaquin River water quality standards at Vernalis are maintained per SWRCB Decision
1422 by making New Melones Reservoir releases when necessary. An older flow/salinity relationship devel-
oped in 1982 was used to calculate the amount of New Melones releases necessary to blend with the San
J0aquin River water tO maintain the 500 ppm TDS standard.

¯ 2000 level CVP demands as follows:

Contra Costa Canal ** 160 TAF/Year
~ DMC and Exchange ** 1,637
CVP San Luis Unit ** 1,320
San Luis Interim deliveries ** 60
San Felipe Unit ** 173

Total CVP Delta Exports ** 3350 TAF/Year

Folsom South Canal ** 312 TAF/Year
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TABLE C-1 (Continued)
BASIC ASSUMPTIONS AND OPERATION CRITERIA IN STATEWIDE OPERATION STUDIES

IN SUPPORT OF NORTH DELTA WATER MANAGEMENT PROGRAM

A. No-Action Study (423 D) (Continued)

¯ CVP agricultttml deficiencies imposed as follows: 25 percent in years 1924, 1929, 1931, 1933, 1934, 1976,
and 50 percent in 1977.
S̄WP demands based on SWPAO’s long-range projections for bulletin 132-88, as tabulated below.

Entitlement Request
(2000 level)

No. Bay Aqueduct 53 TAF/Year
So. Bay Aqueduct 213

(includes reaches 1-2B of the Cal. Aqueduct)
SWP Dos Amigos demand 3,505

Total Demands 3,771 TAF/Year

Agricultural portion 1,257
M & I portion 2,445
Recreation & losses 69

¯ Actual SWP deliveries in any year were based on a risk curve developed for the base study
defined by following relationship:    ¯

End-of-September Reservoir
Carry-over Storage (TAF) SWP Annual Delivery (TAF)

72 0
500 500

1,000
~ 500

1,000 ~ 1,000
1,050 1,500
1,100 1,750
1,180 2,000
¯ 1,433 2,300
2,500 3,367
2,811 4,300

B. Preferred andOther Alternatives (420 Series)

All basic assumptions and operation criteria for the alternatives studied are similar to those described for study
423 D except the following:

¯ New Delta Cross Channel and Georgian Slough Water Transfer Curves were developed for each alternative.
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TABLE C-1 (Continued)
BASIC ASSUMPTIONS AND OPERATION CRITERIA IN STATEWIDE OPERATION STUDIES

IN SUPPORT OF NORTH DELTA WATER MANAGEMENT PROGRAM

2. 480 Series
A. Base study 2000.SDI-486.f

All assumptions on the facilities and operation Criteria were similar to those in the base study
423d, except for the following:                                       ~

¯ CVP system operations were maintained identical operation to that in the base study 423D.
¯ South Delta channel improvements were assumed allowing a 10,300 cfs maximum diver-
sion capacity at theSWP Banks Pumping Plant.

B. Preferred and Other Alternatives (480 Series)

All assumptions on the facilities and operation criteria were similar to those in the base study
486.f, except for the following:

¯ New Delta Cross Channel and Georgiana Slough Water Transfer Curves were used for
each alternative

3. 520 Series
A. Base study 2000-SDI-520

All assumptions on the facilities and operation criteria were similar to those in study           "
486f, except for the following:

¯ Kern Water Bank Ground Water StorageProject with the following physical and opera--
tional characteristics was incorporated into the SWP system:

a. Total storage capacity was set at 1.0 MAF.
b. Maximum monthly ground water recharge and extraction capacities were 30.TAF/mo.
c. In addition to the maximum direct contribution of the KWB (360 TAF/yr) on!y 25% of the remaining
ground water storage over 360 TAF was counted in the computation of the system carryover storage to deter-
mine SWP annual deliveries.
d. Recharge was done at the maximum rate in all years when 100% of the total SWP requests are met.
Annual recharge amount was reduced by half in years when the annual delivery to SWP contractors was
below 100%, but atleast 85% of the total requests. Extraction at low rate (maximum of 180 TAF/yr) was
started when the delivery capability fell between 85% and 70% of the total requests. Extraction at maximum
rate was started in years when the delivery capability fell below 70% of the total requests.
e. Initial decision on the annual operation of the KWB either recharge or withdrawal
could be overridden as a function of the end-of-month storage in Lake Oroville according
to the following parameters:

Oroville Storage ~I~AF) Initial Decision Revised Decision
<1800 High Recharge Low Recharge
< 1750 High or Low Recharge Do Nothing
<1600 High or Low RechargeLow Extraction
<1550 High or Low Recharge High Extraction
>1550 High Extraction Low Extraction
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TABLE C-1 (Continued)
BASIC ASSUMPTIONS AND OPERATION CRITERIA IN STATEWIDE OPERATION STUDIES

IN SUPPORT OF NORTH DELTA WATER MANAGEMENT PROGRAM

A. Base study 2000-SDI-520 (Continued)

Oroville Storage (TAF) Initial Decision Revised Decision
> 1700 High or Low Recharge Do Nothing
>1750 High or Low Recharge Low Recharge
>1800 High or Low Recharge High Recharge

¯ Los Banos Grandes Reservoir with the following characteristics was incorporated into the SWP system.
a. Total Storage Capacity of 1.73 MAF.
b. Inlet/Outlet capacity of 3500 cfs.

¯ Actual SWP deliveries were based on a risk curve developed for the system with KWB and LBG defined by
the following relationship:

End-of-September Total Reservoir
Carryover Storage (TAF3 SWP Annual Delivery (TAF)

72 0
500 500

1000 500
1000 1000
1050 1500
1100 1750
1200 2000
1350 2300
1517 2550
3000 3275
3150 3524
3327 4300

¯ New Delta Cross Channel and Georgiana Slough Water Transfer Curves were used for each alternative

4. 530 Series

A. Base Study 536.f
All assumptions on the facilities and operation criteria were similar to those in the base study 2000-SDI-520,
except for the following:

SWP Entitlement Request (2035 level)

North Bay Aqueduct 67
South Bay Aqueduct 213

(includes Cal. aqueduct reaches 1-2B)
SWP Dos Amigos 3967
Total 4247

AG Portion 1269
MI Portion 2909
Rec. & Losses 69
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TABLE C-2
PHASE i MODELING

TIDE, DEPLETION AND HYDROLOGY DATA

TIDE BOUNDARY CONDITION

Martinez 19-year mean; 25ohour tide input to the model on a 15-minute basis.

DELTA NET CHANNEL DEPLETIONS

Estimates of historic July 1979 diversion and drainage return data were modified to include additional
net channel depletions from the crescent of Middle River (between its head and Victoria Cut) and Tom
Paine Slough. Estimates of historic July 1979 were determined using a consumptive use analysis of
142 areas (islands) in the Delta (DWR Delta island consumptive use study, 1987, unpublished), and the
1987 DWR field survey of current diversion siphons and drainage pipes. These values are:

Diversion Drainage Net CD
(cfs) 6159 1626 4533

Net Channel Depletion (CD) is defined as Diversion minus Drainage. For model simulations, diversions
and drainage returns were allocated to appropriate model nodes.

NET DELTA OUTFLOW INDEX

The net Delta outflow index is determined by subtracting the sum of all exports and net channel
depletions from the sum of all rim inflows. The net Delta outflow indexes for the selected hydrologies
are reported below.

DELTA HYDROLOGY BOUNDARY CONDITIONS

RIM INFLOWS (cubic feet per second) SET 1 SET 2 SET3 SET 4 SET 5 SET6

Sacramento River at Sacramento 11080 16480 20380 22000 22000 22000
San Joaquin River at Vernalis 1500 1500 1500 1500 1500 1500
Calaveras River 170 170 170 170 170 170
Cosumnes River 10 10 10 10 10 10
Mokelumne River + Dry Creek 100 100 100 100 100 100 "

RIM EXPORTS (cubic feet per second)

SWP Banks Pumping Plant 1000 6400 1 0300 1000 6400 1 0300
CVP Tracy Pumping Plant 4600 4600 4600 4600 4600 4600
Contra Costa Canal 180 180 180 180 180 180
North Bay Aqueduct 50 50 50 50 50 50

NET DELTA OUTFLOW INDEX 2500 2500 2500 13400 8020 4140
(cubic feet per second)
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TABLE C-3
PHASE I MODELING

SWP FOREBAY GATE OPERATION SCHEDULE

PHASE I GATE OPERATION

GATE OPERATION TIMING
OPEN 1 HOUR BEFORE HIGH-HIGH TIDE
CLOSE 2 HOURS BEFORE LOW-LOW TIDE
OPEN 1 HOUR AFTER LOW-LOW TIDE
CLOSE 1 HOUR BEFORE HIGH-LOW TIDE

TIDES AT FOREBAY INTAKE LOCATIONS WITHOUT SWP EXPORTS
WITH 19-YEAR MEAN 25-HOUR MARTINEZ TIDE

~ . ................................. x.", ....................................... ’, ...................................
,X.: .....................~ 1 ’" ~-"’-’--~,~,’.’"

~ ....../,,::~.. ..........~...~.._~ ...... ~ .........~ .........i ...........~’..:~ .... ~\..." 0 / .,’." ." ~ X’,,, ~ 1,~: "," ~ ’ "%,/~:~ ’ i "~, i l,".:/ i : ~

: ........ ............................ ..................................
~:’/

-2     ,    ,    ,    ,    I    ,    .    ,    ,    I    ,    ,    , ,    I    , ,    .    .    I    ,    ,    ,    ,
0                  5                  I 0      HOUR      15                 20                 25

~1-Mi~dl~ R ~t Woodward Canal ..... 4-Middl~ R at Victoria C~t -
-- -2-Old ~ ~t Woodward ¢~nal ..... 5-Old R at Victoria Cut
-- -- -3-Old ~ ~t Highway ~ -- - -6-Old R @ W~st ¢~n~l (~xi~tin~ intake)

GATE OPERATION SCHEDULE

MODEL TIME IN HOURS
LOCATION NODE OPEN CLOSE OPEN CLOSE

1 1 1 7 5.25 12.25 15.25 24.25
2 82 5.25 1 2.25 15.25 24.25
3 79 5.25 12.50 15.50 24.50
4 1 13 5.50 12.50 15.50 24.50
5 75 5.75 - 12.75 15.75 24.75
6 72 6.00 13.00 16.00 25.00
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TABLE C-4
PHASE I MODELING

CONFIGURATION r COMPONENTS

ID NUMBER          ~)I~SCRiPTION

NORTH DELTA CHANNEL MODIFICATIONS *

i None.

2 Dredge to elevation -20 feet NGVD: Snodgrass Slough fromDelta Cross Channel to Dead Horse
Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To Terminous; Little .
Potato Slough; and Little Connection Slough.

3 Enlarge channel to achieve minimum 6000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel~to
Dead Horse Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; and Little Connection Slough.        .

4 Enlarge channel to achieve minimum 8000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
Dead Horse cUt; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; and Little Connection Slough.

5 Enlarge channel to achieve minimum 12000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
Dead Horse Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; and Little Connection Slough.

6 Enlarge channel to achieve minimum16000 square feet cross-seotional area; dredge to elevation
-20 feet NGVD and use leve~ setback if necessary: Snodgrass Slough from Delia Cross Channel to
Dead Horse Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; and Little Connection Slough.

7 Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to Dead Horse
Cut; Dead Horse Cut; and South Fork Mokelumne River from New Hope Landing To Terminous.

8 Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to North Fork
Mokelumne River; Dead Horse Cut South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; Little Oonnection Slough; and North Fork Mokelumne River from
Snodgrass Slough to San Joaquin River.

9 Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to North Fork
Mokelumne River; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; Little Connection. Slough; and North Fork Mokelumne River from
South Fork Mokelumne River to San Joaquin River.

1 0 Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to North Fork
Mokelumne River; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To
Terminous; Little Potato Slough; Little Connection Slough; North Fork Mokelumne River from
Snodgrass Slough t° San Joaquin River; and Georgiana Slough.

1 t Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to North Fork
Mokelumne River; and North Fork Mokelumne River from Snodgrass Slough to San Joaquin River.

1 2 Enlarge channel to achieve minimum 6000 square feet croSs-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
North Fork Mokelumne River; and North Fork Mokelumne River from Snedgrass Slough to San
Joaquin River.

¯ Flow areas are specified with respect to the water surface elevation (stage) at zero NGVD.

324 ¯

C--071 453
C-071101.354



TABLE C~4 (Continued)

ID NUMBER DESCRIPTION

NORTH DELTA CHANNEL MODIFICATIONS (Continued) *

1 3 Enlarge channel to achieve minimum 8000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and Use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
North Fork Mokelumne River; and North Fork Mokelumne River from Snodgrass Slough to San
Joaquin River.

1 4 Enlarge channel to achieve minimum10000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
North Fork Mokelumne River; and North Fork Mokelumne River from Snodgrass Slough to San
Joaquin River.

15 Enlarge channel to achieve minimum 12000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
North Fork Mokelumne River; and North Fork Mokelumne River from Snodgrass Slough to San
Joaquin River.

1 6 Enlarge channel to achieve minimum 16000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
North Fork Mokelumne River; and North Fork Mokelumne River from Snodgrass Slough to San
Joaquin River.

t 7 Dredge to elevation -20 feet NGVD: Snodgrass Slough from Delta Cross Channel to Dead Home
Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To San Joaquin River.

1 8 Enlarge channel to achieve minimum 8000 square feet cross,sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
Dead Horse Cut; Dead Horse Cut; South Fork Mokelumne River from New Hope Landing To San
Joaquin River.

1 9 Enlarge channel to achieve minimum 10000 square feet cross-sectional area; dredge to elevation
-20 feet NGVD and use levee setback if necessary: Snodgrass Slough from Delta Cross Channel to
Dead Horse Cut; DeadHorse Cut; South Fork Mokelumne River from New Hope Landing To San
Joaquin River.

20 Floodway from Dead Horse Island to lower South Fork Mokelumne R. comprised of Staten Island.

21 Floodway from Dead Horse Island to San Joaquin River comprised of: Staten Island,
northwestern corner of Bouldin Island; southeastern corner of Andrus Island; and Mokelumne
River from Georgiana Slough confluence to San Joaquin River.

DELTA CROSS CHANNEL FLOW CAPACITY

1 Existing facility with 1 gate open; 810 square feet flow area.

2 Existing facility with 2 gates open; 1620 square feet flow area.

3 Enlarged facility with 3 gates open; 2430 square feet flow area.

4 Enlarged facility with 4 gates open; 3240 square feet flow area.

5 Enlarged- facility with full channel flow; 4500 square feet flow area.

* Flow areas are specified with respect to the water surface elevation (stage) at zero NGVD.
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TABLE C-5
PHASE I MODEUNG

ALTERNATIVE NORTH DELTA CONFIGURATIONS

ID SERIES CHANNEL DELTA CROSS
NUMBER ¯ ID MODIFICATION CHANNEL CAPACITY

1 A01 1 2
2 A02 2 2
3 A03 3 2
4 A04 4 2
5 A05 5 2
6 A06 6 2
7 A07 7 2
8 . A08 8 2
9 A09 9 2
10 A10 10 2

11 All 9 5
12 A12 11 2
13 A13 12 2
14 A14 13 2
15 A15 15 2
16 A16 16 2
17 A17 2 3 "
18 A18 3 3
19 ~ A19 4 3
20 A20 5 - 3

21 A21 6 3
22 A22 1 1
23 A23 1 3
24 A24 1 5
25 A25 2 5
26 A26 9 3
27 A27 9 4
28 A28 2, 13 2
29 ~. A29 2, 13 3
30 A30 2, 13 4

31 A31 2,13 5
32 A32 2, 14 2
33 A33 2, 14 5
34 A34 4 5
35 A35 17 2
36 A36 18 ’ 2
37 A37 19 2
38 A38 19 " 5
39 A39 2O 2
,40 A40 20 5

41 A41 21 2
42 A42 21~ 5 ¯
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" TABLE C-6
PHASE II MODELING

ALTERNATIVE NORTH DELTA CONFIGURATIONS

CONRGURATION ALTERNATIVE CHANNEL DELTA CROSS ~ FOREBAY * FOREBAY INTAKE
ID NUMBER ID NUMBER MOOIFICATION ID CHANNEL CAPACITY _ LOCATION

(CHAPTER 5) (TABLE C.4) (TABLE C-4)

NO ACTION 1 1 2 EXISTING EXISTING
(BASE CASE)

1 2 A 2 2 EXISTING EXISTING

2 None . 2 2 VICTORIA+BYRON+ MIDDLE RIVER AT
CLIFTON COURT WOODWARD CANAL

EXISTING EXISTING

4 . None 9 5 VICTORIA+BYRON+ MIDDLE RIVER AT
CLIFTON COURT WOODWARD CANAL

5 None 4 3 EXISTING EXISTING

6 None 4 3 VICTORIA+BYRON+ MIDDLE RIVER AT
~ CLIFTON COURT WOODWARD CANAL

* Additional South Delta facilities are included with the Victoria-Byron-Clifton Court Forebay
as described in the Alternative North Delta Configurations Section under Phase II Delta Modeling.
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TABLE C-7
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT ANTIOCH

REPRESENTATIVE CRIT~AL YEAR
ALT                    OCT                  NO,/                   ~                  JAN                   FEB                  MAR                  APR                  MAY                   JUN                 JULY                  AUG

1                      171                     90                  172                  620                  985                  953                1224               1310               1524               1555               1779               2002
2A           144           82          150         543        1219        1386        1336        1174        1365        1244        1669        2207
2B                            92                         78                     -117                      421                      964                   1392                   11-70                      896                   1032                     940                   1325                   2173
3A           144           82          150         543        1219        1386        1336        1174        1365        1244        1669        2207
3B           102           78          126          452        1018        1472        1226          936        1080          959        1321        2219
4A                        144                        82                      150                     543                   1219                   1386                   1336                   1174                  1365                   1244                   1669                   2207
4B           102           78          126         452        1018        1472        1226          936        1080          959        1321        2219
5A           144           82          150          543        1219        1386        1336        1174        1365        1244        1669        2207
5B           102           78          126          452        1018        1472        1226          936        1080          959        1321        2219
6A                       92                    78                  117                  421                  964               1392               1170                  896               1032                -940                1325               2173
6B                         102                         78                      126                     452                   1018                   1472                   1226                      936                   1080                      959                   1321                   2219

REPRESENTATIVE DRY YEAR
ALT         OCT        NOV        DEC        JAN        FEB        MAR        APR        MAY        JUN       JULY        AUG        SL=P

995                  283                  376                  264                  316                  675                  486                  269                  304                  507               1062                1525
2A         1243          253          412          296          340          789          449          213          252          619        1077        1714
2B                  1166                  126                  335                  258                  369                  670                  269                  157                  190                  446                  611                1851
3A                     1243                      253                      412                     296                      340                      789                      449                      213                      252                      619                   1077                   1714
3S          1229          146          354         268          397          691          312          165          194          453          833        1924
4A         4243          253          412         296          340          789          449          213          252          619        1077        1714
4S          1229          146          354         268          397          691          312          165          194          453          833        1924
5A                     1243                      253                      412                     296                      340                      789                      449                      213                      252                      619                   1077                   1714
5B          1229          146          354         268         397          691          312          165          194         453          833        1924
6A          1168          126          335          258          369          670          269          157          190          446          811         1851
6B          1229          146          354         268          397          691          312          165          194         453          833        1924

REPRESENTA~VE BELOW NORMALYEAR
ALT                   OCT                  NOV                  DEC                  JAN                   FEB                 MAR                  APR                  MAY                  JUN                 JULY                  AUG
1            449          559          248          131          116          134          226          204         229          370          498          786

2A           492          407          150          115          110          130          174          159          191          298          486         977
2S                    382                  209                     91                   110                  109                  121                   145                  140                  152                  196                  438                1202
3A                        492                      407                      150                      115                      110                      130                      174                      159                      191                      298                      486                      977
3B                    559                  227                     96                  110                  108                  117                  143                  147                  154                  213                  520               1546
4A                    492                  407                  150                  115                  110                  130                  174                  159                  191                  298                  486                  977
4B                     559                  227                     96                  110                  108                  117                  143                  147                  154                  213                  520                1546
5A                    492                  407                  150                  115                  110                  t30                  174                ’159                  191                 298                  486                  977
5B                     559                  227                    96                  110                  108                  117                  143                  147                  154                  213                  520                1546
6A           382         209           91          110          109          121          145          140          152          196          438        1202
6B                    559                  227               -     96         "       110                  108                  117                  143                  147                  154                  213                  520                1546

REPRESENTATIVE ABOVE NORMAL YEAR
ALT         GC’T"        NOV        CEC        JAN        FEB        .MAR        APR        MAY        JUN       JULY        AUG        SEP

371          167          109          114          105           80           84           85           85          133          228          502
2A           345          122           95          111          107           80           84           85           85          120          230         546
2B                    206                  84                    86            109                  i08                     81                     84                    86                     85                  104                  205                  417
3A          345         122          95 "      111         107          80          84          85          85         120         230         546
3B                    243                     86                     87                  110                  103                     80                    84                    85                    84                  106                  244                  476
4A                    345                  122                     95                  111                   107                    80                    84                    85                    85                  120                  230                  546
4B          243          86          87         110        103          80          84          85          84         106         244         476
5A          345         122          95         111         107          80          84          85          85         120         230         546
5B          243          86       ° ,87         110         103          80          84          85          84         106         244         476
6A               206                     84                     86                  109                  108                     81                     84               86                     85                  104                  205                  417
6B                   243                     86                     87                  ~10                  103                    80                    84                    85                    84                  106                  244                  476

REPRESENTATIVE WETYEAR
ALT         OCT        NOV        [TcC        JAN        FEB        MAR        APR        MAY        JUN       JULY        AUG        S~P

1                    2016               2497               2138                  132                  115                  128                  112                  101                     90                    92                  176                  525
2A                  1825               2246               2257                  132                  122                  128                  112                  102                    90                     91                   186                  656
2B          1608        1890        2352          129          123          127        111          101           90           90        1723         871
3A                  1825               2246               2257                  132                  122                  128                  112                  102                    90                     91                   186                  656
3B         1613        1867       2607         127         120         131         113          99          89     -    89         212        1166
4A                  1825               2246               2257                  132                  122                  128                  112                  102                    90                    91                   186                  656
4B          1613        1867        2607          127          ~20          131          113           99           89           89          212        1166
5A         1825        2246        2257          132          122          128          112          102           90.         91          186          656
5B                  1613                1867               2607                  127                  120                  131                   113                     99                    89                     89                  212                1166
6A                  1608                1890               2352                  129                  123                  127              111                   101                     90                    90                1723                  871
6S         1613    1867       2607         127         120         131         113          99          89          89         212        1166

DESCRIPTION OF ALTERNATIVES:

No-A=ion                               4A 6o8-10k SFK. Mok., Dredge NFK Mok.
2A Dredge So. F~. Mok.                      4B 6-8-10k SFK. Mok., Dredge NFK Mok., 4500sf DXC
2S Dredge So. Frk, Mok,,4500sf DXC            5A 6-8-14 NFK. Mok.,Dredge SFK, Mok.
3A Dredge NFK, SFK Mok,                     5S 6o8-14 NFK, Mok.,Dredge SFK. Mok., 4500sf DXC
3B Dredge NFK, SFK Mok., 4500Sf DXC          6A    Staten Island Floodway

6B    Staten Island Floodway, 4500sf DXC
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TABLE C-8
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVEDSOLIDS IN PPM
AT PRISONERS POINT

REPRESENTATIVE CRITICAL YEAR
ALT CCT "NOV CC-C ! JAN FEB MAR APR MAY JUN JULY ~ S~EP

1 77 75 80 81 ~ 85 90 95 93 87 65 85 88
2A 76 75 80 82 85 90 95 94 86 61 82 86
2B 77 76 82 83 83 84 91 96 87 6i 80 83
3A 76 75 80 82 85 90 95 94 86 81 82 86
3B 76 75 80 81 82 83 88 89 82 78 79 82
4A 76 75 . 80 82 85 90 95 94 86 81 82 86
4B 76 75 80 81 82 83 88 89 82 78 79 82
5A 76 75 80 82 85 90 95 94 86 81 82 86
5B 76 75 80 81 82 83 88 89 82 78 79 82
6A 77 76 82 83 83 84 91 96 87 8! 80 83
6B 76 75 80 81 82 83 68 89 82 78 79 82

REPRESENTATIVE DRY YEAR
ALT ~CT NOV [TL-C J AN FEB MAR APR MAY JUN JULY AUG SC-P

1 81 76 86 86 "84 84 86 86 81 79 82 85
~ 2A 82 76 86 87 85 84 84 88 82 79 81 84

2B 81 76 91 84 83 83 84 91 85 Z9 80 83
3A 82 76 ~ 86 87 85 84 84 88 82 79 81 84
3B 81 75 88 85 82 81 82 86 81 78 78 81
4A 82 76 86 87 85 84 84 88 82 79 81 84
4B 81 75 88 65 82 81 82 66 81 78 78 81
5A 82 76 ¯ 86 87 85 84 84 88 82 79 81 84

5B 81 75 88 85 82 81 82 86 81 78 78 81
6A 81 76 91 84 83 83 84 91 85 79 80 83
6B 81 ~. 75 88 85 82~, 81 82 86 81 78 78 81

REPRESENTA~VEBELOW NORMALYEAR
ALT OOT NOV EL=C JAN FEB MAR APR MAY " JUN JULY AUG S~P

1 77 79 81 82 83 80 84 86 81 78 80 81
2A 77 78 80 81 82 80 83 "89 82 78 78 80

¯ 2B 77 77 79 81 81 80 85 92 85 78 77 80
3A 77 78 80 81 82 80 83 89 82 78 78 80
3B 77 77. 79 81 83 79 82 87 80 77 77 80
4A 77 78 80 81 82 80 83 89 82 78 78 80
4B 77 77 79 81 83 79 82 87 80 77 ’77 80
5A 77 78 80 81 82 80 83 89 82 78 78 80
5B 77 77 79 81 83 79 82 87 80 77 77 80
6A 77 77 79 81 81 80 85 92 85 78 77 80
6B 77 77 79 81 83 79 82 87 80 77 77 80

REPRESENTAT|VE ABOVE NORMALYEAR
ALT (303" NOV ~ JAN FEB MAR APR MAY JUN JULY AUG S~P

1 77 77 80 107 121 76 82 63 79 77 77 80
2A ’76 76 79 107 123 80 82 86 80 77 77 79
2B 76 76 79 107 126 ~ 80 80 85 83 78 77 79
3A 76 76 " 79 107 123 80 82 86 80 77 77 79
3B 76 76 79 106 116 78 81 83 79 77 77 78
4A 76 76 79 107 123 8Q 82 86 80 77 77 79
4B 76 76 79 106 116 76 81 83 79 77 77 78
5A 76 76 79 107 123 80 82 86 80 77 77 79
5B 76 76 79 106 116 78 81 83 79 77 77 78
6A 76 76 79 ~07 126 80 80 85 83 78 77 79
6B 76 76 79 106 116 78 81 83 79 77 77 78

REPRESENTATIVE WET YEAR
ALT (3OT ~ [3Z’O JAN FEB ~ ~ MAY JUN JULY AUG ~P

1 84 82 149 109 175 168 142 98 92 78 77 78
2A 83 80 146 137 183 161 137 100 93 80 77 79
2B 82 78 140 149 186 159 134 94 90 80 77 793A 83 80 146 137 183 161 , 137 100 93 80 77 79
3B 81 78 136 139 204 179 148 98 90 78 77 79
4A 83 80 146 137 183 161 137 100 93 80 77 79
4B 81 " 78 136 139 204 179 148 98 90 76 77 79
5A 83 80 ,146 137 183 161 137 100 93 80 77 79
5B 81 78 136 139 204 179 148 98 90 76 77 79
6A 82 78 140 149 186 159 134 94 90 80 77 79
6B 81 78 136 139 204 179 148 98 90 76 77 79

DESCRIPTION OF ALTERNATIVES

1 No-Action 4A 6-8-10k SFK: Mok., Dredge NFK Mok.
2A Dredge So. Frk. Mok. 4B 6-8-10k SFK. Mok., Dredge NFK Mok., 4500sf DXC
2B Dredge So. Frk. Mok.,4500sf DXC 5A - 6-8o14 NFK. Mok.,Dredge SFK. Mok.
3A Dredge NFK, SFK Mok. 5B 6-8-14 NFK. Mok.,Dredge SFK. Mok., 4500sf DXC
3B Dredge NFK, SFK Mok., 4500sf DXC 6A Staten Island Floodway

6B Staten Island Floodway, 4500sf DXC
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TABLE C-9
PHASE II MODELING

MONTHLY AVERAGE TOTALDISSOLVED SOLIDS IN PPM
AT ROCKSLOUGH

REPRESENTATIVE.CRIT~ALYEAR
ALT ~ NOV [Td3 JAN FEB MA~ ~ APR MAY JUN JULY AUG ~

1 84 77 86 94 116 159 168 151 145 149 143 153
2A 82 77 86 93 111 157 166 143 128 122 119 142
28 79 77 87 92 106 122 135 127 117 106 104 126
3A 82 77 86 93 111 157 166 143 128 122 119 142
38 79 77 86 92 105 125 138 127 115 105 104 127
4A 82 77 86 93 111 157 166 143 128 122 119 142
4B 79 77 86 92 105 125 138 127 115 105 104 127
5A 82 77 86 93 111 157 166 143 128 122 119 142
58 79 77 86 92 105 125 138 127 i15 105 104 127
6A 79 77 87 92 106 - 122 135 127 . 1i7 106 104 ~126
68 79 77 86 92 105 125 138 127 115 105 104 127

REPRESENTATIVE DRY YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JULY AUG SL::P

1 94 88 90 113 106 124 131 114 105 101 112 127
2A 95 86 89 111 106 120 124 112 104 98 110 125
28 93 80 88 105 100 110 113 109 104 92 95 113
3A 95 86 89 111 106 120 124 112 104 98 110 125
3B 96 81 87 105 100 111 113 108 102 91 95 115
4A 95 86 89 111 106 120 124 112 104 98 110 125
4B 96 81 87 105 100 111 113 108 102 91 95 115
5A 95 86 89 111 106 120 124 112 104 98 110 125
5B 96 81 87 105 100 111 113 108 102 91 95 115
6A 93 80 88 105 100 110 113 109 104 92 95 113
6B 96 81 87 105 100 ~ 111 113 108 102 91 95 115

REPRESEN3"A~VEBELOW NOBMALYEAR
ALT OCT NOV EL=C JAN FEB MAR APR MAY JUN JULY AUG ~P

1 88 91 95 91 . 100 107 115 116 103 97 103 106
2A 87 83 88 88 97 106 114 116 103 93 93 102
2B 83 78 85 87 96 106 113 116 103 91 86 96
3A 87 83 88 88 97 106 114 116 103 93 93 102
38 89 79 85 86 96 104 113 115 101 90 87 104
4A 87 83 88 88 97 106 114 116 103 93 93 102
4B 89 79 85 86 96 104 113 115 101 90 " 87 104
5A 87 83 88 88 87 106 ! 114 116 103 93 93 102
5B 89 79 85 86 96 104 113 115 101 90 87 104
6A 83 78 85 87 96 106 113 116 103 91 86 96
68 89 79 85 86 96 104 113 115 101 90 87 104

REPRESENTATIVE ABOVE NORMALYEAR
ALT OCT NOV ~ JAN FEB MAR APR MAY JUN JULY AUG ~

1 88 80 83 102 170 116 102 108 97 90 90 97
2A 84 78 83 102 170 115 103 109 97 90 88 93
28 79 77 82 101 173 114 102 108 97 90 86 88
3A 84 78 83 102 170 115 103 109 97 90 88 " 93
38 79 77 . 82 100 171 117 103 1208 96 89 86 89
4A 84 78 83 102 170 115 103 109 97 90 88 93
4B 79 77 82 100 171 117 103 1208 96 89 86 89
5A 84 78 83 102 170 115 103 109 97 90 88 93
58 79 77 82 100 171 117 103 1208 96 89 86 89
6A 79 77 -82 101 173 114 102 108 97 90 86 88
68 79 77 82 100 171 117 103 1208 96 89 86 89

REPRESENTATIVE WET YEAR
ALT OCT NOV [TL-C JAN F~B ~ APR MAY JUN JULY AUG SEP

1 157 148 242 313 281 370 233 139 134 99 87 90
2A 143 138 227 323 310 415 234 138 133 99 87 90
2B 134 130 213 320 322. ’419 229 135 130 96 87 90
3A 143 138 227 323 310 415 234 138 133 99 87 90
38 136 132 218 318 323 418 236 138 132 96 86 93
4A 143 138 227 323 310 415 234 138 133 99 87 g0
4B 136 132 218 318 323 418 236 138 132 96 86 93
5A 143 138 227 323 310 415 234 138 133 99 87 90
58 136 132 218 318 323 418 236 138 132 96 88 93
6A 134 130 213 320 " 322 419 229 135 130 96 87 " 90
68 136 132 218 318 323 418 236 138 132 96 86 93

DESCR]PTIC~I OF ALTERNATIVES

1 No-A=ion 4A 6-8-1~ SFK. Mok,, Dredge NFK M~.
2A Dredge So. F~. M~<. 4B 6-8-10k SFK. Mok., Dredge NFK Mok., 450~f DXC
28 Dredge So. Frk. Mok.,4500sf DXC 5A. 6-8-14 NFK. Mok.Dredge SFK. Mok.
3A Dredge NFK, SFK Mok. 5B 6-8-14 NFK. M~.,Dredge SFK. Mok.; 4500sf DXC
38 Dredge NFK, SFK M~., 4500s~ DXC 6A St=en Island Floodway

6B Staten Island Floodway, 4500sf DXC
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TABLE C-10
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS |N PPM
AT CLIFTON COURT

REPRESENTA~VE CRITICAL YEAR
ALT OCT NOV DEC JAN FEB MAR APR MAY JUN JULY AUG SEP

1 164 165 169 182 165 197 236 247 217 183 .212 227
2A 165 170 ~70 179 170 194 235 346 208 172 201 221
2B 162 172 172 178 165 173 221 237 198 164 193 213
3A 165 170 170 179 170 194 285 246 208 172 201 221
3B 163 174 180 188 167 , 182 222 237 200 163 192 214
4A 165 170 170 179 170 194 235 246 208 172 201 221
4B 163 174 180 188 167 182 222 237 200 163 192 214
5A 165 170 170 179 170 194 235 246 208 172 201 221
5B 163 174 180 188 167 182 222 237 200 163 192 214
6A 162 172 :172 178 165 173 221 237 198 -164 193 213
6B 163 t74 180 188 ~67 t82 222 237 200 163 192 214

REPRESENTATIVE DRY YEAR :’
ALT CCT NOV DEC JAN FEB MAR APR MAY JUN JULY AUG S~P

1 161 169 170 190 =174 169 170 214 183 131 144 177
2A .162 166 175 183 174 . 165 166 214 181 129 .144 171
2B 162 161 173 185 172 170 156 210 , 180 120 141 164
3A 162 166 175 183 174 165 166 214 181 129 144 171
3B 164 161 173 : 186 172 171 156 211 179 127 139 164
4A 162 166 175 183 174 165 166 214 181 129 144 171
4B 164 161 173 186 172 171 156 211 179 127 139 164
5A ~162 166 175 183 " 174 165 166 :214 181 129 ~144 171
5B 164 161 173 186 172 171 156 211 179 127 139 164
6A 162 161 173 185 172 170 156 210 180 120 141 164 ¯
6B 164 161 173 186 172 171 156 211 179 127 139 164

REPRESENTA~VE BELOW NORMALYEAR
ALT ~ NOV CLEC JAN FEB MAR " APR MAy JUN JULY AUG S~P

1 155 161 170 1283 175 142 159 231 189 128 140 167
2A 154 158 165 178 175 149 158 231 188 125 125 155
2B 151 159 165 176 i74 146 166 230 187 127 117 152
3A 154 ,158 165 178 175 149 158 231 188 125 125 155
3B 160 159 166 187 177 147 166 229 188 125 115 156
4A 154 158 165 178 175 149 158 231 188 125 125 155
4B 160 15’9 166 187 ~177 147 166 229 188 125 115 156
5A 154 158 165 178 175 149 158 231 188 125 125 155
5B 160 159 166 187 177 147 166 229 188 125 115 156
6A 151 159 165 176 174 146 166 230 187 127 117 152
6B 160 159 166 187 177 147 166 229 188 125 115 156

REPRESENTATIVE ABOVE NORMAL YEAR
ALT CCT NOV EL~C JAN FEB MAR APR .MAY JUN JULY AUG S~P

1 161 166 168 201 189 174 162 199 139 123 93 146
2A 157 177 166 202 188 173 163 198 139 124 89 -144
2B 154 170 171 197 189 169 163 198 138 120 85 152
8A 157 177 166 202 188 173 163 198 139 124 89 144
3B 157 174 179 203 190 176 164 199 138 123 92 152
4A 157 177 166 202 188 173 163 198 139 124 89 144
4B 157 174 179 203 190 176 164 199 138 123 92 152
5A 157 177 166 202 188 173 163 198 139 124 89 144
5B 157 174 179 203 190 176 164 199 138 123 92 152
6A 154 170 171 197 189 169 163 198 138 120 85 152
6B 157 174 179 203 190 176 164 189 138 123 92 152

REPRESENTATIVE WE]’YEAR
ALT CCT NOV CC-C JAN FEB MAR ~ APR MAY JUN JULY AUG ~

1 307 237 238 241 248 174 155 240 262 220 143 153
2A 301 234 219 261 259 174 155 239 262 219 143 152
2B 296 227 203 267 262 174 155 239 260 218 142 150
3A 301 234 219 261 259 174 155 239 262 219 143 152
3B 295 229 213 264 262 175 155 240 261 218 141 151
4A 301 234 219 261 259 174 155 239 262 219 143 152
4B 295 229 213 264 262 175 155 240 261 218 141 151
5A 301 234 219 261 259 174 155 239 262 219 143 152
5B 295 229 213 264 262 175 155 240 261 218 141 151
6A 296 227 203 267 262 174 155 239 260 218 142 150
6B 295 229! 213 264 262 175 155 240 261 218 141 151

DESCRIPT~N OF ALTERNATIVES

1 No-Anion 4A 6-8-10k SFK. Mok., Dredge NFK Mok.
2A Dredge So. F~. Mok. 4B 6-8-10k SFK, Mok., Dredge NFK Mok., 4500sf DXC
2B Dredge So. Frk. Mok.,4500sf DXC 5A 6-8-14 NFK. Mok.,Dredge SFK. Mok.
3A Dredge NFK, SFK Mok. 5B 6-8-14 NFK. Mok.,Dredge SFK. Mok., 4500sf DXC
3B Dredge NFK, SFK Mok., 4500sf DXC 6A Staten Islend Floodway

6B Staten Island Floodway, 4500sf DXC
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TABLE C-10A
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT EMMATON

REPRESENTATIVE CRITICAL YEAR
ALT CCT NOV ~ - JAN FEB MAR APR MAY JUN JULY AUG SEP

1 85 82 129 440 345 303 662 877 784 905 1171 1277
2A 85 81 130 469 574 484 778 964 851 853 1262 1618
2B 83 80 139 537 686 714 915 1033 946 932 1366 2011
3A 85 81 130 469 574 484 778 964 851 853 1262 1618
3B 84 79 139 536 678 716 934 1045 956 941 ~1374 1977
4A 85 81 130 469 574 484 778 964 851 853 1262 1618
4B 84 79 139 536 678 716 934 1045 956 941 1374 1977
5A 85 81 130 469 574 484 778 964 851 853 1262 1618
5B 84 79 139 536 678 716 934 1045 956 941 1374 1977
6A 83 80 139 537 686 714 915 1033 946 932 1366 2011
6S 84 79 139 536 678 716 934 1045 956 941 1374 1977

REPRESENTATIVE DRY YEAR
ALT GCT NO/ [T~C JAN FEB M.N:I APR MAY JUN JULY AUG ~P

1 510 90 212 91 160 229 202 204 212 188 684 879
2A 665 92 277 92 210 298 207 193 214 233 787 1083
2S 871 88 315 90 281 352 214 207 233 257 760 1475
3A 665 92 277 92 210 298 207 193 214 233 787 1083
3B 859 88 305 91 287 327 210 203 232 245 766 1471
4A 665 92 277 92 210 298 207 193 214 233 787 1083
4B 859 88 305 91 287 327 210 203 232 245 766 1471
5A 665 92 277 92 210 298 207 193 214 233 787 1083
5B 859 88 305 91 287 327 210 203 232 245 766 1471
6A 871 88 315 90 281 352 214 207 233 257 760 1475
6B 859 88 305 91 287 327 210 203 232 245 766 1471

REPRESENTA~VE BELOW NORMAL YEAR
ALT OCT NOV [TcC JAN FEB MAR APR MAY JUN JULY AUG SEP

1 166 223 100 85 84 83 149 192 167 144 204 513
2A 181 197 94 84 83 82 143 191 164 142 215 664
2B 212 174 92 83 83 81 155 194 174 144 254 956
3A 181 197 94 84 83 82 143 191 164 142 215 664
3B 226 167 91 83 83 81 148 195 t73 141 269 1114
4A 181 197 94 64 83 82 143 191 164 142 215 664
4B 226 167 91 83 83 81 148 195 173 141 269 1114
5A 181 197 94 84 83 82 143 191 164 142 215 664
5B 226 167 91 83 83 81 148 195 173 141 269 1114
6A 212 174 92 83 83 81 155 194 174 144 254 956
6B 226 167 91 83 83 81 148 195 173 141 269 1114

REPRESENTATIVE ABOVE NORMAL YEAR
ALT OCT NOV ET~C JAN FEB MAR APR MAY JUN JULY AUG S~P

1 161 95 90 110 87 80 79 78 78 92 105 215
2A 169 92 90 110 87 80 79 78 78 95 114 256
2B 180 87 92 110 87 80 79 79 78 97 136 295

3A 161 95 90 110 87 80 79 78 78 92 105 215
3S 180 85 92 110 87 80 79 79 78 95 145 290
4A 161 95 90 110 87 80 79 78 78 92 105 215
4B 180’ 85 92 110 87 80 79 79 78 95 145 290
5A 161 95 90 110 ~87 80 79 78 78 92 105 215
5B 180 85 . 92 110 ~7 80 79 79 78 95 145 290
6A 180 87 92 110 87 80 79 79 78 97 136 295
6B 180 85 92 110 87 80 79 79 78 95 145 290

REPRESENTATIVE WET YEAR.
ALT ~ NOV [T=C JAN F~B MAR APR MAY JUN JULY AUG ~
1 2277 1879 643 114 88 88 80 84 80 85 115 302
2A 2396 1996 818 114 88 88 80 84 80 86 133 416
2B 2475 2181 1147 114 88 88 80 86 81 87 160 640
3A 2396 1996 818 114 88 88 80 84 80 86 133 416
3B 2532 2171 1186 ~ 1i4 88 88 80 85 80 87 174 757
4A 2396 1996 818 114 88 88 80 84 80 86 133 416
4B 2532 2171 1186 114 68 88 80 85 80 87 174 757
5A 2396 1996 618 114 88 88 80 84 80 86 133 416
5B 2532 2171 1186 114 88 88 80 85 80 87 174 757
6A 2475 2181 1147 114 68 88 80 86 81 87 160 640
6B 2532 2171 ’1186 114 88 88 80 85 80 87 174 757

DESCRPT~DN OF ALTERNATNES

1 No-A=ion 4A 6-8-10k SFK. Mok., Dredge NFK Mok.
2A Dredge So. F~. Mok. 4B 6-8-10k SFK. Mok., Dredge NFK Mok., 4500sf OXC .
2B Dredge So. Frk. Mok.,4500sf DXC 5A 6-8-14 NFK. Mok.,Dredge SFK, Mok.
3A Dredge NFK, SFK Mok. 5B 6-8-14 NFK. Mok.,Dredge SFK. Mok., 4500sf DXC
3B Dredge NFK, SFK Mok., 4500sf DXC 6A Staten Island Floodway .

6B Staten Island. Floodway, 4500sf DXC
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TABLE C-10B
PHASE II MODELING

MONTHLY AVERAGE TOTAL DISSOLVED SOLIDS IN PPM
AT TRACY PUMPING PLANT

REPRESENTATIVE CRIT~AL YEAR
ALT (DC’I" NOV CEC JAN FEB MAR APR MAY JUN JULY AUG SEP

1 196 190 198 203 207 224 237 245 201 169 201 219
2A 195 190 198 202 202 222 237 241 193 156 190 212
2B 194 190 198 201 198 207 223 232 185 146 181 204
3A 195 190 198 202 202 222 237 241 193 156 190 212
3B 194 190 197 201 199 209 225 233 185 146 181 205
4A 195 190 198 202 202 222 237 241 193 156 190 212
4B 194 190 197 201 199 209 225 233 185 146 181 205
5A 195 190 198 202 202 222 237 241 193 156 190 212
5B 194 190 197 201 199 209 225 233 185 146 181 205
6A 194 190 198 201 198 207 223 232 185 146 181 204

’6B 194 190 197 201 199 209 225 233 185 146 181 205

REPRESENTATIVE DRY YEAR
ALT ~ NOV [T~-C JAN FEB MAR APR MAY JUN JULY AUG SEP

1 , 189 199 202 221 209 208 201 203 168 139 145 179
2A 192 198 203 220 210 207 197 202 167 138 145 180
2S 190 195 202 217 206 201 191 199 164 134 139 176
3A 192 198 203 220 210 207 197 202 167 138 145 180
3B 191 195 201 218 207 202 192 198 164 134 139 176
4A 192 198 203 220 210 207 197 202 167 138 145 180
4B 191 195 201 218 207 202 192 198 164 134 139 176
5A 192 198 203 220 210 207 197 202 16Z 138 145 180
5B 191 195 201 218 207 202 192 198 164 134 139 176
6A 190 195 202 217 206 201 191 199 164 134 139 176
6B 191 195 201 218 207 202 192 198 164 134 139 176

REPRESENTA~VE BELOWNORMALYEAR
ALT (~CT NOV EL=C JAN FEB MAR APR MAY JUN JULY AUG SEP

1 192 237 236 217 201 201 195 223 157 133 142 173
2A 190 193 198 203 207 194 200 226 174 143 151 186
2B 187 190 197 203 207 193 199 226 172 141 148 185
3A 190 193 198 203 207 194 200 226 174 143 151 186
3B 190 191 196 202 207 192 198 226 172 141 149 188
4A 190 193 198 203 207 194 200 226 174 143 151 186

,4B 190 191 196 202 207 192 1-98 226 172 141 149 188
5A 190 193 198 203 207 194 200 226 174 143 151 186
5B 190 191 196 202 207 192 198 226 172 141 149 188
6A 187 190 197 203 207 193 199 226 172 141 148 185
6B 190 191 196 202 207 192 198 226 172 141 149 188

REPRESENTATIVE ABOVE NORMAL YEAR
ALT GCT NOV CEC JAN FEB MAR APR MAY JUN JULY AUG ~
1 193 208 211 193 193 204 203 194 127 145 153 184

2A 188 191 191 208 194 208 204 187 132 142 155 188
2B 185 191 191 207 194 207 204 185 130 142 154 185
3A 188 191 191. 208 194 208 204 187 132 142 155 188
3B 186 190 191 206 195 209 204 185 130 141 154 186
4A 188 191 191 208 194 208 204 187 !32 142 155 188
4B 186 190 191 206 195 209 204 185 130 141 154 186
5A 188 191 191 208 194 208 204 187 132 142 155 188
5B 186 190 191 206 195 209 204 185 t30 141 154 186
6A 185 191 191 207 194 207 204 185 130 142 154 185
6B . 186 190 191 206 195 209 204 185 130 141 154 186

REPRESENTATIVE WET YEAR
ALT (~X3T NOV EL=C JAN FEB MAR APR MAY JUN JULY AUG S~P

1 311 229 260 260 258 189 166 246 274 214 160 186
2A 308 224 253 271 271 188 166 244 274 214 159 187
2B 306 219 246 272 273 189 166 244 273 211 159 187
3A 308 224 253 271 271 188 166 244 274 214 159 187
3B 307 221 249 269 273 188 166 245 274 211 159 188
4A 308 224 253 271 271 188 196 244 274 214 159 187
4B 307 221 249 269 273 188 166 245 274 211 159 188
5A 308 224 253 271 271 188 166 244 274 214 159 187
5B 307 221 249 269 273 188 166 245 274 211~ 159 188
6A 306 219 246 272 273 189 166 244 273 211 159 187
6B 307 221 249 269 273 168 166 245 274 211 159 188

DESCRIPTION OF ALTERNATIVES

1 No-Action 4A 6-8-16k SFK. Mok,, Dredge NFK Mok.
2A Dredge So, Frk. Mok. 4B 6-8-1 Ok SFK. Mok., Dredge NFK Mok,, 4500sf DXC
2B Dredge So. Frk. Mok.,4500sf DXC 5A 6-8-14 NFK. Mok.,Dredge SFK. Mok,
3A Dredge NFK, SFK Mok. 5B 6-8-14 NFK. Mok.,Dredge SFK. Mok, 4500sf DXC
3B Dredge NFK, SFK Mok., 4500sf DXC 6A Staten Island Floodway

6B Staten Island Floodway, ~t500sf DXC
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TABLE C-11
RATIO OF DELTA CROSS CHANNEL AND GEORGIANA SLOUGH FLOWS

TO SACRAMENTO RIVER FLOW
(MONTHLY AVERAGE FLOWS IN CUBIC FEET PER SECOND)

REPRESENTATIVE CRITICAL YEAR

Alternative Oct Nov ;Dec Jan Feb Mar Apr May Jun Jul Aug Sap

N0-Action Sacramento R. 20699 19764 16065 10765 15088 16145 11213 10281 11322 10589 9010 8868
Delta Cross CI 4423 4683 4080 3262. 4111 4319 3308 3089 3366 3191 2872 2822
Georglana SI 2454 2351 2104 1651 , 2030 2118 1685 1549 1653 1568 1448 1444
Ratio 0.33 0.36 0.38 0.46 0.41 0.40 0.45 0.45 0.44 0,45 0.48 0.48

2A Sacramento R. 20700 20215 16065 10765 13387 15228 11430 10282 11289 ~ 11137 9010 8868
Delta Cross CI 5659 5927 5126 4062 4749 5193 4182 3825 4153 4099 3563 3535
Georglana SI 2290 2225 1955 1513 1753 1907 1568 1413 1512 1489 1318 1322
Ratio ’ 0.38 0.40 0.44 0.52 0.49 0.47 0.50 0.51 0.50 0.50 0.54 0.55

2B Sacramento R. 20700 20800 16100 10800 13200 14500 11600 10300 11300 11250 9000 8860
Delta Cross CI 7250 7550 6400 4950 5800 6200 5150 4650 5050 5050 4300 4300
Georglana SI 2080 2070 1770 1360 1570 1680 1420 1270 1350 1340 1170 1180
Ratio 0,45 0,46 0,51 0,58 0,56 0,54 0,57 0,57 0,57 0,57 0,61 0,62

3A Sacramento R. 20700 20300 16100 10800 13350 15050 11450 10300 11300 11150 9000 8860
Delta Cross CI 6100 ~ 6350 5450 4300 5050 5450 4450 4050 4400 4350 3750 3750
Georgiana SI 2240 2180 " 1910 1480 1710 1850 1530 1380 1470 1450 1280 1290
Ratio 0.40 0.42 0,46 0.54 0.51 0.49 0.52 0.53 0.52 0.52 0,56 0.57

3B Sacramento R. 20700 21114 16064 10765 13190 14453 11547 10282 11289 11234 9010 8867
Delta, Cross CI 7230 7794 6551 ~5147 6001 6435 5351 4828 5258 5223 4481 4467
Georgiana SI 2173 2148 1830 1391 1608 1719 1457 1293 1383 1370 1199 1210
Ratio 0.45 0.47 0.52 0.61 0.58 0.56 0.59 0.60 0.59 0.59 0.63 0.64

4A Sacramento R, - 20700 20400 :16100 10800 13300 15000 11450 10300 11300 11180 9000 8860
Delta Cross CI 6150 6450 5500 4350 5100 5500 4500 4100 4450 4400 3800 3800
Georgiana SI 2220 2170 1890 1470 1700 1830 1520 1370 1460 1440 1270 1280
Ratio 0.40 0.42 0.46 0.54 0.51 0.49 0.53 0.53 0.52 0.52 0.56 0.57

4B Sacramento R. 20700 21400 16100 10800 13200 14500 11600 10300 11300 11220 9000 8860
Delta Cross CI 7250 8050 6700 5350 6250 6650 5550 5000 5450 5400 4700 4650
Georglana SI 2275 2230 1900 1425 1650 1760 1500 1330 1420 1400 1230 1240
Ratlo 0,46 0,48 0,53 0,63 0,60 0,58 0,61 0,61 0,61 0,61 0,66 0,66

5A     Sacramento R. 20700 20400 16100 10800 13300 15000 11450 10300 11300 11180 9000 8860
Delta Cross CI 6150 6450 5500 4350 51~00 5500 4500 4100 4450 4400 3800 3800
Georglana SI 2220 2170 1890 1470 1700 1830 1520 1370 1460 1440 1270 1280
Ratio 0,40 0,42 0,46 0,54 0,51 0,49 0,53 0,53 0,52 0,52 0,56 0,57

Preferred Sacramento R, 20700 21400 16100 10800 13200 14500 11600 10300 11300 11220 9000 8860
Alternative Delta Cross CI 7250 8050 6700 5950 6250 6650 5550 5000 5450 5400 4700 4650

5B Georglana SI 2275 2230 ~1900 1425 1650 1760 1500 1330 1420 1400 1230 ’(240
Ratio ¯ 0.46 0.48 0.53 0.63 0.60 0.58 0.61 0.61 0.61 0.61 0.66 0.66

6A Sacramento R. 20700 20500 16100 10800 13250 14800 11500 10300 11300 11200 9000 8860
Delta Cross CI 6550 6850 5850 4550 5350 5750 4750 4300 4650 4650 3850 3950
Georglana SI 2170 2130 !850 1430 1650 1780 1480 1330 1420 1410 1230 1240
Ratio 0.42 0.44 0.48 0.55 0.53 0.51 0.54 0.55 0,54 0.54 0.56 0,59

6B Sacramento R. 20700 21600 16100 10800 13200 14500 11600 10300 11300 11200 9000 8860
Delta Cross CI 7250 8300 6850 5500 .6400 6850 5700 5150 5650 5550 4850 4800
Georglana SI 2350 2300 1950 1450 1680 1800 1540 1360 1440 1420 1250 1260
Ratio 0,46 0,49 0,55 0,64 0,61 0,60 0,62 0,63 0,63 0,62 0,68 0,68
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TABLE C-11 (con’t)
RATIO OF DELTA CROSS CHANNEL AND GEORGIANA SLOUGH FLOWS

TO SACRAMENTO RIVER FLOW
(MONTHLY AVERAGE FLOWS IN CUBIC FEET PER SECOND)

REPRESENTATIVE DRY YEAR

Alternative Oct Nov Dec Jan Feb Mar ~ May Jun Jul Aug Set=

No-Action Sacramento R, 12435 22105 15205 21183 16533 16833 15408 13160 13292 17944 10139 10118
Delta. Cross CI 3599 4943 4142 0 4356 4448 3997 3517 3665 4625 3091 3087
Georglana SI 1799 2540 2045 3152 2155 2173 2032 1808 1818 2222 1561 1575
Ratio 0.43 0.34 0.41 0.15 0.39 0.39 0.39 0.40 0.41 0.38 0.46 0.46

2A Sacramento R. 12435 22106 14351 21183 15423 16318 15692 13177 13292 17702 10269 10151
Delta Cross CI 4501 6195 4988 0 5205 5432 5068 4398 4548 5706 3884 3883
Georglana SI 1666 2374 1838 3162 1926 1988 1911 1667 1676 2062 1442 1454
Ratio 0.50 0.39 0.48 0.15 0.46 0.45 0.44 0.46 0.47 0.44 0.52 0.53

2B ~ Sacramento R, 12400 22100 14100 21200 14820 16320 15820 13180 13300 17750 10850 10100
Delta Cross CI 5500 7800 6100 0 6300 6700 6300 5400 5600 7100 4000 4700

~ Georglana SI 1500 2170 1650 3170 1710 1800 1740 1500 1510 1870 1350 1310
Ratio 0.56 0.45 0.55 0.15 0.54 0,52 0.51 0.52 0.53 0,51 0,58 0.60

3A Sacramento R, 12400 22100 14200 21200 15270 16320 1~710 13180 13300 17750 10400 10100
Delta Cross CI 4700 6600 5300 0 5500 5700 5400 4700 4800 6100 4100 4100
Georglana SI 1630 2330 1790 3170 1870 1940 1870 1620 1630 2010 1420 1420
Ratio 0.51 0.40 0.50 0.15 0.48 0.47 0.46 0.48 0.48 0.46 0.53 0.55

3B Sacramento R. 12436 22106 14158 21183 14815 16318 16092 13177 13292 17735 10881 10118
Delta Cross CI 5730 7915 6317 0 6513 6946 6601 5600 5789 7301 5143 4940
Georglana SI 1537 2240 1692 3197 1756 1851 1818 1545 1546 1920 1382 1344
Ratio 0.58 0.46 0.57 0.15 0.56 0.54 0.52 0.54 0.55 0.52 0.60 0.62

4A Sacramento R. 12400 22100 14200 21200 15220 16320 15730 13180 19300 17750 10450 10100
Delta Cmss CI 4800 6700 5400 0 5600 5800 5500 4800 4900 6200 4200 4200
Georglana SI 1620 2300 1770 3170 1850 1930 1850 1610 1620 2000 1410 1410
Ratio 0.52 0.41 0.50 0.15 0.49 0.47 0.47 0.49 0.49 O.Z~6 0.54 0.56

4B Sacramento R. 12400 22100 14100 21200 14820 16320 16400 13190 13300 17750 10900 10100
Delta Cross CI 5900 8000 6600 0 6700 7200 6900 5800 6000 7500 5400 5100
Georglana SI 1570 2320 1740 3240 1800 1900 1900 1590 1580 1970 1420 1980
Ratio 0.60 0.47 0.59 0.15 0.57 0.56 0.54 0.56 0.57 0.53 0.63 0.64

5A     Sacramento R, 12400 22100 14200 21200 15220 16320 15730 13180 13300 17750 10450 10100
Delta Cross CI 4800 6700 5400 0 5600 5800 5500 4800 4900 6200 4200 4200
Georgiana. SI 1620 2300 1770 3170 1850 1930 1850 1610 1620 2000 1410 1410
Ratio 0.52 0.41 0.50 0.15 0.49 0.47 0.47 0.49 0,49 0.46 0.54 0.56

Preferred Sacramento R. 12400 22100 14100 21200 14820 16320 16400 13190 13300 17750 10900 10100
Alternative Delta Cross CI 5900 8000 6600 0 6700 7200 6900 5800 6000 7500 5400 5100

5B Georglana SI 1570 2320 1740 3240 1800 1900 1900 1590 1580 1970 1420 1380
Ratio 0.60 0.47 0.59 0.15 0.57 0.56 0.54 0.56 0.57 0.53 0.63 0.64

6A     Sacramento R. 12400 22100 14150 21200 15100 16320 15750 13180 13300 17750 10600 10100
Delta Cross CI 5100 7100 5600 0 5800 6200 5800 5000 5100 6500 4500 4400
Georglana SI 1570 2250 1740 3170 1800 1880 1810 1570 1580 1950 1380 1370
Ratio 0.54 0.42 0.52 0.15 0.50 0.50 0.48 0.50 0.50 0.48 0.55 0.57.

6B Sacramento R. 12400 22100 14100 21200 14820 16320 16620 13100 13300 17750 11000 10100
Delta Cross CI 6100 8100 6700 0 6900 7400 7100 5900 6150 7700 5500 5300
Georgiana SI 1600 2380 1780 3270 1840 1940 1970 1630 1620 2010 1460 1410
Ratio 0.62 0.47 0~60 0.15 0.59 0.57 0.55 0.57 0.58 0.55 0.63 0.66
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TABLE C~11 (con’t)
RATIO OF DELTA CROSS CHANNEL AND GEORGIANA SLOUGH FLOWS

TO SACRAMENTO RIVER FLOW
(MONTHLY AVERAGE FLOWS IN CUBIC FEET PER SECOND)

REPRESENTATIVE BELOW NORMAL YEAR

Alternative Oct Nov Dec Jan Feb      Mar       Apt May Jun Jul Aug ~

No-Action Sacramento R, 17325 16045 19219 18898 19336 22695 15692 12796 14309 19023 16323 11071
Delta Cross CI 4054 4238 4335 0 0 0 3946 3487 3897 4803 4330 3300
Georgiana SI 2225 2107 2353 2894 2925 3328 2077 1765 1894 2302 2111 1668
Ratio 0.36 0,40 0,35 0.15 0.15 0.15 0.38 0.41 0.40 0.37 ~ 0.39 0.45

2A Sacramento R. 17326 16513 19220 18898 19336 22695 15126 12797 14309 19008 16372 11071
Delta Cross CI 5180 5374 5519 0 0 0 4840 4339 4819 5944 5403 4141
Georglana SI 2070 1990 2194 290:1 2933 3335’ 1878 1625 1751 2147 1973 1543
Ratio 0,42 0.45 0,40 0.15 0.15 0.15 0.44 0.47 0,46 0.43 0.45 0,51

2B Sacramento R, 17330 17200 19220 18900 19300 22700 14750 12800 14300 19100 16700 11100
Delta Cross CI 6600 6800 7000 0 0 0 5950 5350 5950 7400 6800 5100
Georglana St 1870 1850 1990 2900 2940 3330 !670 1460 1580 1960 1820 1390
Ratio 0.49 0.50 0.47 0.15 0,15 0,15 0.52 0.53 0.53 0.49 0.52 0,58

3A Sacramento R, 17330 16700 19220 18900 19300 22700 15010 12800 14300 19100 16480 11100
Delta Cross CI 5500 5700 5900 0 0 0 5100 4600 5100 6300 5800 4400
Georglana SI 2030 1950 2140 2900 2940 3330 1820 1580 1710 2090 1930 1500
Ratio 0.43 = 0.46 0.42 0.15 0.15 0.15 0.46 0.48 0.48 0.44 0~47 0.53

3B Sacramento R. 17327 17530 19219 18898 19336 22695 14826 12813 14309 Ig040 16742 11071
Delta Cross CI 6556 6820 6991 0 0 0 5936 5340 5914 7368 6795 5102
Georglana SI 1955 1924 2076 2931 2966 3353 1734 1504 1616 2002 1875 1440
Ratio 0.49 0.50 0.47 0.16 0.15 0.15 0.52 0.53 0.53 0.49 0.52 0.59

4A Sacramento R. 17330 16750 19220 18900 19300 22700 15000 12800 14300 19100 16500 11100
Delta Cross CI 5600 5900 6000 0 0 0 5200 4700 5200 6400 5900 4500
Georgiana SI 2010 1940 2130 2900 2940 3330 1810 1570 1690 2080 ~1920 1490
Ratio 0,44 0.47 0.42 0.15 0.15 0.15 0.47 0.49 0.48 0.44 0.47 0.54

4B Sacramento R. 17330 17850 19220 18900 19300 22700 14900 12800 14300 19100 16700 11100
Delta Cross CI 6700 7400 7100 0 0 0 6200 5700 6400 7800 7300 5600
Georglana SI 2030 2000 2170 2970 3000 3380 1800 1550 1660 2050 1930 1480
Ratio 0.50 0,53 0.48 0.16 ,0.16 0.15 0.54 0.57 0.56 0.52 0.55 0.64

5A     Sacramento R. 17330 16750 19220 18900 19300 22700 15000 12800 14300 19100 16500 11100
Delta Cross CI 5600 5900 6000 0 0 0 5200 4700 5200 6400 5900 4500
Georgiana SI 2010 1940 2130 2900 2940 3330 1810 1570 1690 2080 1920 1490
Ratio 0.44 0,47 0.42 0.15 0.15 0.15 0.47 0,49 0.48 0.44 0.47 0.54

Preferred Sacramento R. 17330 17850 19220 18900 19300 22700 14900 12800 14300 19100 16700 11100
Alternative Delta Cross CI 6700 7400 7100 0 0 0 6200 5700 6400 7800 7300 5600

5B Georglana SI 2030 2000 2170 2970 3000 3380 1800 1550 1660 2050 1930 1480
Ratio 0.50 0.53 0.48 0.16 0.16 0.15 0.54 0.57 0.56 0.52 0,55 0,64

6A     Sacramento R. 17330 16900 19220 18900 19300 22700 14900 12800 14300 19100 16600 11100
Delta Cross CI 5900 6200 6400 0 0 0 5500 4900 5500 6800 6200 4700
Georglana SI 1960 1910 2080 2900 2940 3330 1750 1530 1650 2030 1880 1460
Ratio 0.45 0.48 0.44 0.15 0.15 0.15 0,49 0.50 0,50 0,46 0,49 0,55

6B Sacramento R. 17330 18150 19220 18900 19300 22700 15000 12800 14300 19100 16800 11100
Delta Cross CI 6800 7700 7200 0 0 0 6400 5900 6600 8000 7500 5800
Georglana SI 2100 2070 2240 2990 3040 3460 1860 1580 1680 2080 1980 1520
Ratio 0.51 0.54 0.49 0.16 0.16 0.15 0,55 0.58 0.58 0.53 0.56 0,66
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TABLE C-11 (con’t)
RATIO OF DELTA CROSS CHANNEL AND GEORGIANA SLOUGH FLOWS

TO SACRAMENTO RIVER FLOW
(MONTHLY AVERAGE FLOWS IN CUBIC FEET PER SECOND)

REPRESENTATIVE ABOVE NORMALYEAR

Aiternative Oct Nov Dec Jan Feb      Mm’       Apr May Jun Ju! Aug ~

No-Action Sacramento R. 16033 18806 18432 16928 50226 67500 22021 34008 22273 19993 19983 14854
Delta Cross CI 3767 4534 4383 0 - 2 - 4 0 6749 4716 4880 4960 3746
Georglana SI 2128 2283 2275 2664 6365 8356 3177 3427 2520 2372 2399 2048
Ratio 0.37 0.36 0.36 0.16 0.13 0.12 0.14 0.30 0.32 0.36 0.37 0.39

2A Sacramento R, 16034 19306 18433 16928 50225 67500 22022 34008 22274 19962 19597 14855
Delta Cross �I 4847 5757 5516 0 - 2 ~ 3 0 8285 5965 6049 6080 4796
Georglana SI 1974 2163 2120 2671 6374 8368 3160 3193 2351 2213 2217 1904
Ratio 0.43 0.41 0.41 0.16 0.13 0,12 0.14 0,34 0.37 0.41 0.42 0,45

2B Sacramento R. 16000 20000 18400 16900 50000 67500 22000 34000 22300 19900 19000 14800
Delta Cross CI 6200 7400 6900 0 0 0 0 10400 7600 7500 7400 6000
Georgiana SI 1780 2020 1930 2680 6380 8360 3200 2880 2130 2020 1980 1720
Ratio 0.50 0.47 0.48 0.16 0.13 0,12 0.15 0.99 0.44 0.48 0.49 0.52

3A Sacramento R. 16000 19450 18400 16900 50000 67500 22000 34000 22300 19900 19450 14800
Delta Cross CI 5200 6200 5800 0 0 0 0 8800 6400 6400 6400 5100
Georglana SI 193~0 2130 2075 2680 6360 8360 3190 3130 2290 2160 2160 1850
Ratio 0.45 0.43 0.43 0.16 0,13 0.12 0.15 0.35 0.39 0.43 0.44 0.47

3B sacramento R. 16034. 20322 18432 16927 50225 67500 22022 34008 22274 19961 18711 14855
Delta Cross CI 6198 7607 7051 0 - 1 -2 0 10346 7609 7735 7567 6127
Georglana SI 1866 2096 1995 2702 6415 8414 3217 2975 2224 2069 2015 1790
Ratio 0.50 0.48 0.49 0.16 0.13 0.12 0.15 0.39 0.44 0.49 0.51 0.53

4A Sacramento R. 16000 19500 18400 16900 50000 67500 22000 34000 22300 19900 19400 14800
Delta Cross CI 5300 6300 6000 0 0 0 0 9000 6500 6500 6500 5200
Georglana SI I910 2120 2060 2680 6370 8360 3190 3100 2280 2140 2140 1840
Ratio 0.45 0,43 0.44 0.16 0.13 0.12 0.15 0.36 0.39 0.43 0.45 0.48

4B Sacramento R. 16000 20600 18400 16900 50000 67500 " 22000 34000 22300 19900 18450 14800
Delta Cross CI 6200 7800 7200 0 0 0 0 10400 7600 7900 7700 6200
Georgiana SI 1950 2180 2070 2730 6450 8460 3230 3080 2320 2130 2050 1860
Ratio 0.51 0.48 0.50 " 0,16 0.13 0.13 0.15 0.40 0.44 0.50 0.53 0.54

5A     Sacramento R, 16000 19500 18400 16900 50000 67500 22000 34000 22300 19900 19400 14800
Delta Cross CI 5300 6300 6000 0 0 0 0 9000 6500 6500 6500 5200
Georglana S] 1910 2120 2060 2680 6370 8360 3190 3100 2280 2140 2140 1840
Ratio 0.45 0,43 0.44 0.16 0.13 0.12 0,15 0.36 0.39 0.43 0.45 0.48

Preferred Sacramento R. 16000 20600 18400 16900 50000 67500 22000 34000 22300 19900 18450 14800
Alternative Delta Cross CI 6200 7800 7200 0 0 0 0 10400 7600 7900 7700 6200

5B Georglana SI 1950 2180 2070 2730 6450 8460 3230 3080 2320 2130 2050 1860
" Ratio 0.51 0.48 0.50 0.16 0.13 0.13 0.15 0.40 0.44 0.50 0.53 0,54

6A Sacramento R. 16000 19700 18400 16900 50000 67500 22000 34000 22300 19900 19300 14800
Delta Cross CI 5600 6700 6300 0 0 0 0 9500 6900 6900 6800 5500
Georgiana SI 1870 2080 2010 2680 6380 8360 3190 3000 2230 2100 2080 1800
Ratio 0.47 0.45 0.45 0,16 0.13 0.12 0.15 0.37 0.41 0.45 0.46 0.49

6B sacramento R, 16000 20900 18400 16900 50000 67500 22000 34000 22300 19900 18200 14800
Delta Cross C[ 6300 8000 7300 0 0 0 0 10400 7700 8100 7900 6300
Georgiana SI 2020 2260 2130 2760 6500 8500 3280 3180 2380 2180 2080 1920
Ratio 0.52 0.49 0.51 0.16 0.13 0.13 0.15 0.40 0.45 0.52 0.55 0,56
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TABLE C-ll (con’t)
RATIO OF DELTA CROSS CHANNEL AND GEORGIANA SLOUGH FLOWS

TO SACRAMENTO RIVER FLOW
(MONTHLY AVERAGE FLOWS IN CUBIC FEET PER SECOND).

REPRESENTATIVE WET YEAR

Alternative O~t Nov Dec Jan      Feb      Mar       Apt May Jun Jul Aug ~

No-Action Sacramento R. 5418 7959 13576 33877 44797 42517 34890 18493 17698 17298 17062 12551
Delta Cross Cl 1856 2649 3757 - 1 - 1 - 1 - 1 4220 4265 4376 4428 3627
Georgiana SI 989 1344 1932 4631 5738 5467 4568 2184 2080 2100 2153 1802
Ratio 0.53 0.50 0.42 0.14 0.13 0.13 0.13 0.35 0.36 0.37 0.39 0.43

2A Sacramento R. 54"18 7975 13576 33879 44796 42516 34890 18493 17698 17218 16321 12551
Delta Cross CI 2280 3280 4743 - 1 - 1 - 1 - 1 5287 5268 5382 5343 4541
Georgiana SI 877 1214 1799 4596 5739 5475 4576 2032 1932 1945 1951 1674
RaUo 0.56 0.56 0.48 0.14 0.13 0.13 0.13 0.40 0.41 0.43 0.45 0.50

2B Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17700 16250 12550
Delta Cross CI 2700 3900 5900 0 0 0 0 6600 6500 6800 6600 5600
Georglana SI 770 1090 1640 4580 5740 5480 4590 1850 1750 1800 1775 1520
Ratio 0.64 0.62 0.55 0.14 0.13 0.13 0.13 0.46 0.47 0,49 0.52 0.57

3A Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17300 16300 12550
Delta Cross CI 2350 3400 5000 0 0 0 0 5600 5600 5700 5700 4800
Georglana S[ 880 1190 1770 4600 5740 5480 4590 2000 1880 1910 1910 1630
Ratio 0.60 0.57 0.50 0.14 0.13 0.13 0.13 0.41 0.42 0.44 0.47 0.51

3B Sacramento R. 5416 7976 13575 33880 44796 42517 34891 18493 17698 17700 15885 12566
Delta Cross CI 2862 4113 6116 -1 -1 -1 =1 6749 6721 7024 6746 5873
Georglana SI 769 1098 1692 4623 5773 5511 4614 1908 1797 1845 1792 1568
Ratio 0.67 0.65 0.58 0.14 0.13 0.13 0.13 0.47 0,48 0.50 0.54 0.59

4A Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17400 16300 12550
Delta Cross CI 2400 3500 5100 0 0 0 0 5700 5700 5850 5800 4900
Georglana SI 850 1160 1750 4590 5740 5480 4590 1980 1870 1890 1890 1620
Ratio 0.60 0.58 0.50 0.14 0.13 0.13 0.13 0.42 0.43 0.44 0.47 0.52

4S Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17700 15500 12600
Delta Cross CI 3000 4300 6300 0 0 0 0 6800 6900 7250 6900 6100
Georgiana SI 750 1110 !740 4690 5790 5550 4660 1990 1850 1890 1810 1620
Ratio 0.69 0.68 0.59 0.14 0.!3 0.13 0.13 0.48 0.49 0.52 0.56 0.61

5A     Sacramento R. 5400 8000 13600 33800 44800 42500. 35000 18500 17700 17400 16300 12550
Delta Cmss CI 2400 3500 5100 0 0 0 0 5700 5700 5850 5800 4900
Georgiana SI 850 1160 1750 4590 5740 5480 4590 1980 1870 1890 1890 1620
Ratio 0.60 0.58 0.50 0.14 0.13 0.13 0.13 0.42 0.43 0.44 0.47 0.52

Preferred Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17700 15500 12600
Alternative Delta Cross CI 3000 4300 6300 0 0 0 0 6800 6900 7250 6900 6100

5B Georglana SI 750 1110 1740 4690 5790 5550 4660 1990 1850 1890 1810 1620
Ratio 0.69 0.68 0.59 0.14 0.13 0.13 0.13 0.48 0.49 0.52 0.56 0.61

6A     Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17500 16300 12550
Delta Cross CI 2500 3600 5400 0 0 0 0 6000 6000 6200 6050 5150
Georglana SI 820 1140 1700 4580 5740 5480 4590 1920 1830 1860 1850 1590
Ratio 0.61 0.59 0.52 0.14 0.13 0.13 0.13 0.43 0.44 0.46 0.48 0.54

6B Sacramento R. 5400 8000 13600 33800 44800 42500 35000 18500 17700 17700 15100 12600
Delta Cross CI 3200 4500 6500 0 0 0 0 6900 7100 7400 7000 6300
Georolana S~ 750 1120 1800 4710 5810 5580 4690 2040 1890 1930 1830 1660
Ratio 0.73 0.70 0.61 0.14 0.13 0.13 0.13 0.48 0.51 0.53 0,58 0.63
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Table C-12. Impacts on February 1986 Flood Stages (1)

Recorded DWOPER/NETWORK Model Simulation Results
Feb. 86 Actual Levee Brks(2) Me Cormaek-W. and Glanville Levee Breaks

Location Stages No Action Alternative No Action Alternative Preferred Alternative

Current Proposed Current. ProposedCurrent Proposed
Lambert Lambert Lambert Lambert .Lambert Lambert

Mokelumne-South Fork
Benson’s Ferry 18.3 17.7 18.1 17.8 18.1 13.5 13.5
New Hope Landing 13.1(3) 12.1 13.3 12.2 13.3 8.9 8.9
Hog Slough - 7.2 7.2 7.2 7.2 7.1 7.1
Terminous - 7.0 7.1 7.1 7.1 7.0 7.0 ¢O
Jet., North Fork 7.0 7.0 7.0 7.0 7.0 7.0 7.0 �~

Snodgrass-North Fork
Lambert Rd, north 14.1 13.5 12.8 13.7 12.8 10.2 10.2
Lambert Rd, south 14.1 13.7 15.1 13.8 15.1 10.5 10.5

I~.

Twin Cities Rd 14.2 13.7 15.1 13.8 15.1 10.5 10.5 ~

Delta Cross Channel 13.9 12.6 13.8. 12.6 ¯ 13.8 9.3 9.3 I

Jet., North Fork 12.0(4) 12.0 13.1 12.0 13.1 8.7 8.7 �O
Mid-Staten Is. - 7.6 7.8 8.0 8.1 7.2 7.2
1ct., South Fork 7.0 7.0 7.0 7.0 7.0 7.0 7.0

(1) Note: Stages are referenced to 0.0’ NGVD. Stages are approximate and presented for comparison purposes only

(2) Levee Breaks on Me Cormaek-Williamson Tract, Glanville Tract, Dead Horse

Island, Tyler Island, and New Hope Tract

(3) High water mark upstream from Walnut Grove-Thornton Road Bridge

(4) High water mark 100 feet upstream from Giusti’s Restaurant



0
I’~

0
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Table C-13. Preferred Alternative(SB) Impacts on 100-Year Flood Stages (1)

’ Levee Break Scenario 1 Levee Break Scenario 2
Location No Action Alternative(2) Preferred Alternative(3)No Action Alternative(2) Preferred Alternative(3)

Current Proposed Current Proposed Current Proposed Current Proposed
Lambert Lambert Lambert Lambert Lambert Lambert Lambert Lambert

Mokelumne-South Fork
Benson’s Ferry 18.9 19.8 14.8 14.8 18.5 19.1 14.6 14.6
New Hope Landing 14.0 15.5 10.8 11.0 13.4 14.8 10.5 10.6
Hog Slough 8.3 8.6 8.6 8.6 8.2 8.4 8.5 8.5
Terminous 8.0 8.0 8.0 8.0 7.9 8.0 8.0 8.0
Jet. North Fork 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7

Snodgrass-North Fork
Lambert Rd, north 13.9 11.5 il.0 10.7 .     13.4 11.4 10.8 10.6
Lambert Rd, south 15.4 17.2 12.0 12.3 14.8 16.4 11.7 11.9
Twin cities Rd 15.4 17.2 12.0 12.3 ¯ 14.8 16.4 .11.7 11.9
Delta Cross Channel 14.4 16.0 11.2 11.4 13.9 15.2 10.9 11.0                        ,t-
Jet., North Fork 13.9 15.3 10.5 10.7 13.3 14.6 10.3 10.4 I~.
Mid-Staten Is.. 9.3 9.9 8.7 - 8.8 9.2 9.6 8.6 8.6
Jet., South Fork 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7

o

Levee Break Scenario 1: McCormack Williamson Tract floods ....
Levee Break Scenario 2: MeCormaek Williamson Tract and Glanville Tract flood

(1) Note: Stages are referenced to 0.0’ NGVD.. Stages are approximate and presented for comparison purposes only

(2) The current level of development in the Morrison Creek Stream Group basin is assumed.. With Ultimate development in the basin, add

about 0.3 feet to stages upstream of Lambert Road, 0.2 feet to stages between Lambert Road and New Hope Landing, mad 0.1 feet to the stage
at Benson’s Ferry.
(3) Impacts of development in the Morrison Creek Stream Group basin would be less than noted in (2), above.



Table C-14
FLOOD STATISTICS

STREAM FEB 86 100 -year
Peak Flow (cfs) _7,- da)~ Volume (acre.ft) Peak Flow (cfs) 7 - day Volume (acre.if)

Morrison Creek 13768 17 9023 11
Stream (3roup

Consumnes R.       51653             314509             70606        "     323691

Mokelumne 32545 178604 28222 208678
& Dry Creek L "
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FIGURE C-2
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FIGURE C-3
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FIGURE C-6
PHASE I DELTA MODELING

FLOW SCHEMATICSAMPLE
AND PROFILES

NCRTH CELTA [~ATER MANAGEMENT PLANNING NORTH DELTA WATER MANAGE~NT PLANNING

i!~.~..~. ~ ,...., .... ,,...,

~ ..........................

/

C--071 476
C-071101.377



FIGURE C-7
PHASE I DELTA MODELING
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FIGURE C-8
PHASE II DELTA MODELING
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FIGURE C-9
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FIGURE C-15
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APPENDIX D

NORTH DELTA PROGRAM
BIOLOGICAL ASSESSMENT SUMMARY

Abiological assessment was completed by ECOS, Inc., to evaluate the impacts of the North Delta Program on threatened,
endangered and candidate species. Their report, Sensitive Species Survey Report for the North Delta Water Management
Project, was completed in July 1990.

The proposed actions evaluated in this biological assessment include the following:

¯ channel enlargement or dredging of north and south fork Mokelumne River,

¯ enlargement of the Delta Cross Channel gate structure, and

¯ creation of an island floodway from three north Delta islands: McCormack-Williamson Tract, Dead Horse island,
and Staten Island.

The proposed actions have the potential to significantly affect several special status species. The freshwater marshes and
swamps on instream islands and banks of project area waterways support:

¯ Suisun Marsh aster (federal.candidate 2),

¯ Mason’s lilaeopsis (federal candidate 2, State rare),

¯ California hibiscus (federal candidate 2),

¯ Delta rule pea (federal candidate 2), and

¯ Sanford’s arrowhead (federal candidate 2).

The sensitive animal species documented in the project area include:

¯ greater sandhill crane (State threatened),

¯ California black rail (federal candidate 1, State threatened),

¯ Swainson’s hawk (State threatened),

¯ giant garter snake (federal candidate 2, State threatened),

¯ western pond turtle (federal candidate 2),

¯ Winter-run Chinook salmon (federal threatened, State endangered).

¯ Sacramento splittail (federal candidate 2, California species of special concern), and

¯ Valley elderberry longhorn beetle (federal threatened).

The results of this assessment are summarized in Table 4-2 of Chapter 4 of the EIR/EIS.

Mitigation measures that will reduce impacts to these special status species to Iess than significant levels are discussed in
"- the species accounts.
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APPENDIX E
NDP ECONOMIC ANALYSIS SUMMARY

SUMMARY

Water supply and demand reduction alternatives ex-¯ purchasing water to augment normal sources of
amined in Appendix E are considered extraordinary supply;
and, in part represent the actions that would be need-
ed to cover potential shortfalls in dependable sup-

¯ instituting extraordinary water conservation

plies listed in DWR Bulletin 160-87, California Water." measures; and

Looking to the Future, November 1987. ¯ rationing.

The procedure presented in Appendix E, and dis-Long-term options considered include:
cussed briefly in Chapter 3, is the approach used for
the South Coast Region M&I benefits. ¯ waste water reclamation;

¯ desalination of brackish drainage and groundwa-Local water management program options were di-vided into three categories:                             ter;

¯ desalination of sea water; and¯ shortage contingency demand management and
supply enhancement options; ¯ development of water by importation.

¯ long-term demand management and supply en-Another long-term strategy evaluated in this analysis
haneement options; and is the explicit evaluation of risk management with re-

gard to the optimal level of use of long-term manage-¯ risk management,
ment options.

Shortage management contingency options are mea-
sures inplemented during shortages only and are in-M&I economic benefits of the proposed North Delta
tended to minimize the impacts of those shortages.Program were determined by using the Economic
Such measures include: Risk Model for the South Coast Region to establish

the effectiveness of local water management with and
¯ ¯ use of banked local ground water; without the NDP in place. The increase in effective-

ness was identified as NDP benefits for this region.¯ use of local carry-over storage; Also, the agricultural benefit portion of the model
¯ reduction of water deliveries to interruptiblepro-was used to identify benefits to State Water Project

grams; agricultural contractors in Kings and Kern counties.
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APPENDIX F

DIRECT FISH IMPACT ANALYSIS SUMMARY

INTRODUCTION

DWR and DFG jointly developed the striped bass andThe Loss Model Program
salmon 1QSS model (loss model) as a tool for calculating di-
rect fishery losses as a function of monthly pumping ratesThe loss model is a menu-driven program. The model
at the State Water Project (SWP). For this model, loss iscalculates the following information for striped bass, chi-
defined as those losses which occur from the time fish arenook salmon, and steelhead trout over 20 millimeters
drawn into Clifton Court Forebay until the survivors are(mm) long:
returned to the Delta. This program is derived from a
model originally developed by Alan Baracco of the Cali-¯ the number of fish entering Clifton Court Forebay;

fornia Department of Fish and Game (DFG) in 1984.¯ the number of fish encountering the louvers;
Barry Collins (DFG) further refined this concept and de-
scr~qged it in the ’~kgreement Between The Department¯ the screening efficiency factor f or fish greater than 21
Of Water Resources And The Department Of Fish and mm long;
Game To Offset Direct Fishery Losses ToThe Harvey O.
Banks Delta Pumping Plant" (also lmown as ’¢Fhe Two¯ the number of fish released back into the Delta;
Agency Fish or 4-Pumps Mitigation Agreement")~

¯ the number of fish directly lost as a result of SWP op-
erations;

As used in the "1~�o Agency Agreement, the model calcu-¯ the number of fish lost if they had survived to reach
lated the direct losses of striped bass, chinook salmon, andone year of age, or a predetermined length (Yearling
steelhead due to SWP pumping through the Banks Pump-Equivalent Factor (YEF); and
ing Plant. For further details, background, and a listing of
the striped bass and salmon survival factors used in this¯ the optimum velocity and the number of bays to be
and the above models see "Estimates offish Entrainmentused that allows for maximum fish salvage efficiency.
Losses Associated with the State Water Project and Fed-

The striped bass eggs and the larvae under 20 mm long areeral Central Valley Project Facilities in the South Delta" . -
(DFG Exhibit 17 and DWR Exhibit 560 submitted to theconsidered nonsalvagable; ~therefore, they are counted as

SWRCB in Phase I of the Bay/Delta Hearing). 100 percent direct loss. The numbers lost are based on an
egg- and larvae-sampling program conducted outside the
Clifton Court Forebay intake.

The Department of Water Resources has modified theBoth the input and output files require that the monthly
model to allow user defined ~alues for various parametersdata be divided into halves. The first half of the month
to be easily entered to calculate direct losses under vari-corresponds to the first through the 15th day. The second
ous conditions. The model was also put into a machinehalf of the month is from the 16th to the end of that
language (Pascal) to increase computational efficiency,month.
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The Input File totals divided into halves. DWR and DFG designed
the fish salvage sampling process to provide an esti-

The input file must be a fixed-field ascii file, with at leastmate of total fish salvaged for the day with an accura-
two blank columns between fields of data (Table I). Once cy of 80% -4- 50% if the daily total exceeds 10,000, and
executed, the program lists all input data in the outputof 80% 4- 100% ff the daily total is less than 10,000
file. In the following explanation of the input data, thefish. (Anadromous Fisheries Branch Administrative
numbers correspond to those in the column heads in.Report No. 81-6, 1981). The screening efficiencies
Table I (pages 406-407).. regression equations, developed to estimate the

monthly fish salvage have not been adiusted to ac-
1. YEAR: The year of record for the monthly salvage at count for modifications to the facility in 1984.

the Skinner Facility.
7-12. EGGS AND LARVAE: The number of striped bass

2. MO: The month of record for the fish salvage, eggs and the number of larvae lost (3-mm incremen-
- - tal length classes ranging from 3 to 20 ram);

3. H: The monthly fish salvage data must be divided into
halves, tt indicates the half of the month for whichSince 1985, during the striped bass spawning period
the data on that line is calculated. (May-July), DVCR and DFG have been monitoring

: ¯ the striped bass eggs and larvae densities in the vicin-
4.’ SWP Rate: The SWP’s average rate of pumping fority of the intake to Clifton Court Forebay. Based on

the month. The program will accept either pumpingthe assumption that water drawn into the forebay
rate (cfs) or volume pumped (acre-feet per month) contains the same mean densities of eggs and larvae
and, regardless of input, will compute and list both inas the water outside the forebay, these data are the
the output file. This value is calculated by averagingbasis for the entrainment values for this size group.
the daily mean pumping rates at the Bank’s pumpingThe .egg and larvae entrainment data entered into the
plant. In the example file, average monthly pumpinginput file to calculate 1979 through 1987 losses are the
rates are input; it is assumed that the first and secondaverage of the actual field data collected in the 1985
monthly halves are similar. The loss calculations canand 1986 surveys. Work is underway tb incorporate

~ be refined by entering the actual average pumpingthe 1987 and 1988 data into the average.
rate for the half-month intervai rather than assuming
equal rates (the mean pumping rate for the month)All eggs and larvae drawn into the forebay are as-
for both halves of the the month, sumed lost. The loss model converts this loss into

yearling equivalents in the same manner, as for
Since Clifton Court Forebay came online in 1971, ex- striped bass larger than 20 ram. The loss model lists
ports have been taken from this forebay and not di- the number of yearling equivalent striped bass under
rectly from Delta channels. The SWP rate must origi- 20 mm lost under column 27°of the output file (Table
nate from the Bank’spumping plant rate and shouldII). This number is added to the total striped bass
not be confusedwith inflow into Clifton Court~ yearling equivalent 10ss in column 28 of the output
Forebay. The forebay inflow is needed to estimate the file.
number of eggs and larvae entrained.

13. LENC AND 15. LENSH: Themonthly averagelength
$. LEN: Average monthly length of fish. The screening of chinook salmon (column 13) and steelhead-trout

efficiency depends on the length offish. An overesti- (column 15) (see discussion on lengths above).
marion in length would result in 1) an overestimate of
the number of fish entering Clifton Court Forebay,14. SALVCS AND 16. SALVSI-[" The bimonthly salvage
the number encountering the screens, the numbertotals for chinook salmon (column 14) and steelhead-
salvaged, the number released alive, and the screen-trout (column 16).
ing efficiencies; and 2) an underestimate of the num-
ber lost through the screens, and mortalities fromThe Output File
predation, trucking, and handling.

Output data for striped bass exceeding 21 mm long follow.
6. SALV: The bimonthly total of fish salvaged at theIn this explanation of the output file, the numbers corre-

Skinner Facility. These values are monthly salvagespond to those in Table II (pages 408-411).
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1. YEAR: Theyear ofrecord that the loss model used to cies, it was not true for salmon. However, the differ-
estimate the fish losses, ences in efficiency are believed to be minimal. Nei-

ther effects of the the joint operations of these bays
:~. MO: The month in which the fish salvage occurred, nor installation of the center wall are addressed in the

model or in any adjustment of the data. The loss mod-
~ 3. I-I: Which half of the monthly data the model used. el establishes the optimum bay’s selection solely on

cross-sectional area needed to maintain the optimum
4. SWP VOL: The volume of water pumped during that approach velocity towards the fish screens.~ half of the month; the volume is for the number of

~ daysineachporti0nofthemonth, so the first and sec-8. SFF VEL: The water velocity flowing through the
ond half volumes may vary. bays. SFF VEL is not the actual channel velocity. It is

a value calculated by the model using the SWP’s
S. SWP RATE: The SWP’s monthly rate of pumping, monthly average pumping rate and dividing it by the

optimum channel width (numbers of bays times the
6. OPT VOL: The optimum velocity is the optimum ap- cross-sectional area of each bay) for that pumping

proach velocity required for maximum fish salvage ef-rate. The SFF VEL is a calculated velocity, which is
ficiency. Approach velocity is defined as the mean re- the closest the Skinner Facility could get to the opti-
locity of the water in the channel approaching the fishmum velocity with the given operating criteria.
screens. At the given pumping rate, the model deter-
mines the operation of the bays that will result in ve-9. LENG SB: Average monthly length of striped bass.
locity closest to the optimum velocity possible. From The loss model obtains this data from the input file
November 1 through May 15, the loss model attempts and list it in the output file. See discussion of this fac-
to achieve 3.25 ft/s (optimum for salmon smolts) and tot under the input data.
from May 16 through October 31, the model attempts
to achieve 1.00 ft/s when small striped-bass are abun-10. EFF SB: The screening efficiency factor for striped
dant near the intakes, bass. The program uses this value to estimate the

number of fish that encounter the salvage screens
7. OPT BAYS: The optimum bays to be used for maxi- (column 12). The loss model bases the screening effl-

mum fish salvage efficiency at the given pumpingciency factor on both the length of the fish salvaged,
rate. These bays regulate the water approach velocityand the water velocity through the screens using re-
needed to maximize the fish screen efficiency. Asgressions. Boracco (DFG)developed these equations
pumping increases, additional bays become opera-from data collected during field tests performed in
tional. Asyou face the Banks Pumping Plant, the bays1973. These regressions do not reflect the modifica-
are numbered from left to right, tions to the Skinner Facility completed in 1984.

Monthly fish salvage totals Since 1984 suggest that the
Since construction in 1968, bays i and 2 have been di- screening efficiencies have increased. If true, the loss
vided by a center wail and could operate indepen- model underestimates these efficiencies.
dently of each other. Bays 3 and 4, each of which are
equal in size to the total of bays i and 2, lacked a cen- Screening efficiencies are important in estimating the
ter wail. After 1982, the center wail was added, and number of fish salvaged. The fish salvage is used to
each half of the bay was renamed. Bay 3 was renamedcalculate all other parameters used to determine the
bays 3a and 3b, and bay4 was renamed bays 4a and 4b. direct fish losses. Underestimations of screening effi-
Bay 5, which is the same size as bay 1, remained theciencies leads to: 1) underestimates in both the fish
same. salvaged and the number released alive; and 2) over-

estimates in the number of fish and yearling equiva-
Prior to installation of the center wails, both screens Ients lost, the number of fish ’ encountering the
in each bay had to be operated in conjunction with screens, the number offish entering the forebay, and
one another since there was no way to alter the ap- the number of fish lost by predation, trucking and
proach velocity in front of one screen and not affect hauling.
the approach velocity of the facing screen in the same
bay. DFG found that although the bays possessing11. SALV SB: The listing of the striped bass’s monthly
the center wall are more efficient for most fish spe-salvage from the input file. (See Input File # 6.)
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12. ENCOUNT SCREENS: The number of striped bass 18. LOSS SB: The number of striped bass directly lost
estimated to have encountered the salvage screens, due to SWP operations. The loss model computes this
The loss model computes the number of fish encoun- as the number of bass entering the forebay subtracted
tering the screens as the number of fish salvaged, di- by the number of bass released alive. The loss model
vided by the screening efficiency, uses this value to estimate the number of yearling

equivalents lost.
13. MORT PRED: The mortality factor due to predation

(P). All losses occurring in Clifton Court Forebay are 19. YEF SB: The yearling equivalent factor for striped
attributed to predation. This value is: 1-P = number bass. The program reads this factor from a data file
of fish encountering the screens divided by the hum- (YEFSB.DAT) into an array, then determines the ap-
her of fish entrained into the forebay, propriate value based on the month (first or second

half), and the average length. The data base available
The predation factor used to calculate the number of for the striped bass is semimonthly whereas the chi-
fish entering the forebay (column 14). The model per- nook and steelhead data are available only on a
mits the user to change the predation rate prior to monthly basis. The program lists the factor used to
program execution, compute the yearling equivalent loss in this column.

The model assumes that the yearling equivalent fac-
The loss model reads all mortality rates (predation, tor for salmon and steelhead is identical (columns 39
trucking, and handling) from a data file (MORT. DAT) and 50).
into a matrix, then determines the mortality based on
the average monthly fish lengths. 20. LOSSYE SBGE21: The loss of yearling equivalent

striped bass greater than 20 mm long. The model
14. ENTERCCF SB: The number of striped bass enter- computes this sum as the system loss (column 18)

ing (entrained) Clifton Court Forebay. All fish enter- multiplied by the yearling equivalent factor (colunm
ing the forebay are considered entrained. The loss 19).
model estimates the number of fish entrained by di-
viding the number of fish encountering the screens. Eggs and Larvae

15. MORT HAND: The percentage offish that die due to
~ handling during the salvage process. As with the mot-21-26. EGGS, AND LARVAE LENGTH CLASSES:

tality due to predation, the program allows the user       The number of striped bass eggs and larvae in each of
¯ , to change these values prior to execution. The pro- the incremented 3-ram length classes. The model ob-
~ gram fist these mortality rates that it uses to estimate tains these values from the input file and lists them in

the number of fish released alive into the Delta. the output. Since all eggs and larvae entrained are as-
sumed lost, the program directly converts these losses

16. MORT TRUCK: The percentage of fish that die from into yearling equivalents (column 27) in the same

being trucked back to the Delta. manner as bass larger than 20 mm discussed above.

17. ALIVE SB: The number of fish released alive back 27. LOSSYE SBLT21: The loss of yearling equivalent bass

into the Delta. The loss model multiplies the number less than 21 mm long. The model estimates this value

of fish in the monthly salvage by the survival factors as the number of eggs and larvae entrained (columns

related to the handling and trucking process. 21-16)multiplied by the appropriate yearling equiva-
lent factor.

The number of fish released alive does not address
the possibility that some fish released alive may die The Total Yearling Equivalent Loss
soon afterwards from the stress of the entrainment
process. These stresses include predation, tempera-28. LOSS YESB: The total yearling equivalent loss of
ture extremes, and disorientation upon release. The striped bass. The model estimates this value as the
entrainment stresses may also weaken fish and de- sum of the yearling equivalent loss of striped bass un-
crease their resistance to natural stresses that they tier 21 mm, plus those yearling equivalents over 21
normally would have survived, ram.
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Chinook Salmon and Steelhead Output 33. PILED CS: The mortality factor due to predation for
both salmon and steelhead. (See MORT PRED, #13

The loss model computes the output for chinook salmon above.)
and steelhead in the same manner as the striped bass. The
loss model assumes that the screening efficiency, the mot-34 and 46. ENTER CCF: The estimated number of salm-
talities (predation, trucking, and handling), and the year- on and steelhead trout (column 46) entering Clifton
ling equivalent factors for salmon and steelhead are iden- Court Forebay. (See ENTERCCF SB, #14, above.)
tical. For details of the output, see the appropriate
column for striped bass above. 35. MORT HAND and 36 MORT TRUCK: The mortalit~

factor due to handling (coluran 35) and trucking (col-
29. LENG CS and 41. LENG SH: The average monthly umn 36) for salmon and steelhead. (See MORT

length of chinook salmon (column 29) and steelhead HAND, #15, and MORT TRUCK, #16, above).
trout (column 41).

37. ALIVE CS and 49. ALIVE SH: The number of salm-
30. EFF CS: The screening efficiency of chinook salmon on (column 37) and steelhead (column 49) released

and steelhead trout. During the first half of May, the alive. (See ALIVE SB, #17 above).
optimum velocity is set at 3.5 ft/s for chinook salmon.
In the second haft of May the optimum velocity is 38. LOSS CS and 5.0LOSS SH: The estimated total loss
dropped to i ft/s for striped bass. This is reflected in for salmon (column 38) and steelhead (column 50).
the mid-month change in yearling equivalent salmon (See LOSS SB, #18 above.)
losses in May. (See EFF SB, #10 above. ).

39. YEF CS and 51. YEF SH: The yearling equivalent --
31. SALV CS and 43. SALV SH: The monthly salvage for loss factor used to calculate yearling equivalent losses

salmon (column 31) and steelhead (column 43) for for both steelhead and salmon. This data is available
that half of the mbnth (see striped bass salvage--co’ only on a monthly basis for chinook salmon and steel-
lumn 11 above.) head. (See YEF SB, #19 above.)

32 and 44. ENCOUT SCREEN: The estimated number 40. LOSSYE CS and 52. LOSSYE SH: The yearling
of salmon (column 32) and steelhead (column 44) en- equivalent losses for salmon (columrt 40) and steel-
countering the salvage screens. (See ENTERCCF SB, head (column 52). See LOSSYE SBGE 21, #28
#14, above.)

~
above.)
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TABLE I. Illustration of the data columns in the loss model input file.

(i) (2) (3) (4)      (5)      (6)        (7)          (8)           (9)

YEAR MO HA SWPRate    LENSB SALVSB         EGGSSB        3ot6mmSB      7tol0mmSB

1979 1 1    1313.       87. 17234.              0.               0.               0.
1979 1 2    1313.       87. 17234.              0.               0.               0.
1979 2 1    1626,.       85.     4059.              0.               0.               0.
1979 2 2    1626.       85.     4059.              0.               0.               0.
1979 3 1     2333.        93.       304.                0.                  0.                  0.
1979 3 2    2333.       93.      304.              O.               O.               O.
1979 4 1    2645.      139.      298.              0.               0.               0.
1979 4 2     2645.      139.      298.        1696674.        19231000.         2144614.
1979 5 1     3000.       82.     6283.      37840000.        37015000.         7495317.
1979 5 2     3000.       82.     6283.        4861228.        76667000.         4153197.
1979 6 1     3001.       29. 432355.         427201.        22036000.         7500488.
1979 6 2     3001.       29. 432355.               O.       11587000.         7570838.
1979 7 1     4593.       42. 571865.               0.          613418.          693817.
1979 7 2     4593.       42. 571865.               0.                0.                0.
1979 8 1     5635.       65. 161376.               0.                0.                0.
1979 8 2     5635.       65. 161376.               0.                0.                0.
1979 9 1     4666.      102.     5465.               0.                0.                0.
1979 9 2     4666.      102.     5465.               0.                0.                0.
1979 i0 1     3634.       89.    23732.               0.                0.                0.
1979 i0 2     3634.       89.    23732.               0.                0.                0.
1979 ii 1     4735.       93.    60051.               0.                0.                0.
1979 ii 2     4735.       93.    60051.               0.                0.                0.
1979 12 1    5859.      102.    73383.               0.                0.                0.
1979 12 2     5859.      102.    73383.               0.                0.                0.



(TABLE I continued)

(i0)           (ii)          (12)        (13)     (14)    (15)     (16)

lltol4mmSB     15tol8mmSB     19to20mmSB    LENCS SALVCS    LENSH SALVSH

0. 0.               0.      190.     1199.      347.        8.
0. 0.               0.      190.     1199.      347.        8..
0. 0.               0.      194.      593.      285.       12.
0. 0.               0.      194.      593.      285.       12.
0. 0.               0.      185.     1151.      395.      226.
0. 0.                   0.       185.      1151.       395.       226.
0. 0.                      0.        122~.     14496.         384.        505.
0. 0.                 0.       122.    14496.       384.      505.
0. 0.                 0.        93.    29894.       364.      485.

479746.                 0.                 0        93.    29894.       364.      485.
1919741.           347552.                 0.        92.     4768.         0.         0.
1025524.                 0.                 0.        92.     4768.         0.         0.

950834.            94153.          176826.        70.     2823.         0.        0.
0.                                       0.                                        0.                   70.             2823.                      0.                     0.
0.                  0.                   0.       102.       180.          0.          0.
0.                  0.                   0.       102.       180.          0.          0.
0.                                    0.                                    0.              126.                 35.                    0.                   0.
0.                  0.                  0.       126.        35.          0.         0.
0.                  0.                  0.       183.       759.          0.         0.
0.                                    0.                                    0.              183.              759.                    0.                   0.
0.                                    0.                                    0.              154.            2696.              474.                 I0.
0.                                    0.                                    0..           154.            2696.              474.                 i0.
0.                                    0.                                    0.              161.            2625.                 0.                 12.
0.                  0.                  0.       161.      2625.          0.        12.



TABLE II. Description of data columns~in the loss model output file.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)     (12) (13) (14) (15) (16) (17)

YEAR MO H SWP SWP OPT OPT SFF LENG EFF BALV ENCOUNT MORT ENTERCCF MORT MORT ALIVE
VOL RATE VEL BAYS VEL SB SB SB SCREENS PRED SB HAND TRUCK SB

1979 I 1 39065 1313 3.25 1 3.13 87 0.72 17234 23908 0.29 33673 0.06 0.0~ 15714
1979 1 2 41669 1313 3.25 1 3.13 87 0.72 17234 23908 0.29 33673 0.06 0.03 15714
1979 2 1 48378 1626 3.25 1 3.87 85 0.67 ’- 4059 6082 0.29 8566 0.06 0.03 3701
1979 2 2 41927 1626 3.25 1 3.87 85 0~67. 4059 6082 0.29 8566 0.06 0.03 3701
1979 3 I 69413 2333 3.25 12 2.78 93 0.75 304 408 0.23 529 0.01, 0.00 301
1979 3 2 74040 2333 3.25 12 2.78 93 0.75 304 408 0.23 529 0.01 0.00 301

o 1979 4 1 78695 2645 3.25 12 3.15 139 0.72 298 414 0.06 441 0.00 0.00 298
1979 4 2 78695 2645 3.25 12 3.15 139 0.72 298 414 0.06 441 0.00 0.00 298
!979 5 I 89257 3000 3.25 3 3.49 82 0.69 6283 9042 0.29 12735 0.06 0.03 5729
1979 5 2 95208 3000 1.00 12345 1.01 82 0.87 6283 7199 0.29 10139 0.06 0.03 5729
1979 6 i 89287 3001 1.00 12345 1.01 29 0.78 432355 550806 0.83 3240034 0.35 0.31 193911
1979 6 2 89287 3001 1.00 12345 1.01 29 0.78 432355 550806 0.83 3240034 0.35 0.31 193911
1979 7 I 136653 4593 1.00 12345 1.54 42 0.83 571865 685286 0.60 1713216 0.26 0.23 325849
1979 7 2 145763 4593 1.00 12345 1.54 42 0.83 571865 685286 0.60 1713216 0.26 0.23 325849
1979 8 1 167655 5635 1.00 12345 1.89 65 0.81 161376 19.9372 0.42 343746 0.16 0.13 117934
1979 8 2 178832 5635 1.00 12345 1.89 65 0.81 161376 199372 0.42 343746 0.16 0.13 117934
1979 9 i 138825 4666 1.00 12345 1.57~ 102 0.83 5465 6563 0.18 , 8003 0.00 0.00 5465
1979 9 2 138825 4666 1.00 12345 1.57 102 0.83 5465 6563 0.18 8003 0.00 0.00 5465
1979 10 i 108121 3634 1.00 12345 1.22 89 0.86 23732 27674 0.29 38977 0.06 0.03 21639
1979 10 2 115329 3634 1.00 12345 1.22 89 0.86 23732 27674 0.29 38977 0.06 0.03 21639
1979 11 1 140878 4735 3.25 13 3.70 93 0.68 60051 88341 0.23 114728 0.01 0.00 59450
1979 11 2 140878 4735 3.25 13 3.70 93 0.68 60051 88341 0.23 114728 0.01 0.00 59450
1979 12 1 174320 5859 3.25 34 3.41 102 0.70 73383 104719 0.18 127706 0.00 0.00 73383
1979 12 2 185941 5859 3.25 34 3.41 102 0.70 73383 104719 0.18 127706 0.00 0.00 73383



(TABLE YI continued)

(18) (-19)     (20) (21) (22)     (23)     (24)     (25)     (26) ,(27) (28)

LOSS YEF LOSSYE EGGS SB SB SB SB SB LOSSYE LOSS

SB, SB SBGE21 3-6 7-10 11-14 15-18 9-20SBLT21 YESB

17959 0.63694 11439 0 0 0 0 0 0 0 11439

17959 0.69581 12496 0 0 0 0 0 0 0 12496

4865 0.77718 3781 0 0 0 0 0 0 0 3781

4865 0.88158 4289 0 0 0 0 0 0 0 428.9

228 1.00000 228 0 0 0 0 0 0 0 228

228 1.00000 228 0 0 0 0 0 0 0 228

143 1.00000 143 0 0 0 0 0 0 0 143

143 1.00000 143 1696674 19231000 2144614 0 0 0 3189 3332

7006 1.00000 7006 37840000 37015000 7495317 0 O~ 0 8902 15908

4410 1.00000 4410 4861228 76667000 4153197 479746 0 0 12343 16753

3046123 0.00624 19020 427201 22036000 7500488 1919741 347552 0 12334 31354

3046123 0.00648 19754 0 11587000 7570838 1025524 0 0 6569 26323

1387367 0.04625 64171 0 613418 693817 950834 94153 176826 6910 71081

1387367 0.04804 66649 0 0 0 0 0 0 0 66649

225812 0.18710 42249 0 0 0 0 0 0 0 42249

225812 0.19432 43880 0 0 O. 0 0 0 0 43880

2538 0.62406 1584 0 0 O~ 0 0 0 0 1584

2538 0.63974 1624 0 0 0 0 ’0 0 0 1624

17338 0.44693 7749 0 0 0 0 0 0 0 7749

17338 "0.46419 8048 0 0 0 0 0 0 0 8048

55278 0.59944 33136 0 0 0 0 0 0 0 33136

55278 0.62259 34416 0 0 0 0 0 0 0 34416

54323 0.74330 40378 0 0 0 0 0 0 0 40378

54323 0.77200 41938 0 0 0 0 0 0 0 41938



(TABLE II continued)

~(29) (30) (31)    (32) (33) (34) (35) (36) (37) (38)    (39) (40) (41)

LENG EFF SALV ENCOUNT FRED ENTER MORT MORT ALIVE LOSS    YEF LOSSYE LENG
CS CS CS SCREEN CS CCF HAND TRUCK CS CS    CS CS CS

190 0.75 1199 1601 0.75 6403 0.00 0.00 1199 5204 1.0000 5204 347
190 0.75 1199 1601 0.75 6403 0.00 0.00 1199 5204 1.0000 5204 347
194 0.79 593 749 0.75 2994 0.00 0.00 593 2401 1.0000 2401 285
194 0.79 593 749 0.75 2994 0.00 0.00 593 2401 ~.0000 2401 285
185 0.73 1151 1579 0.75 6317 0.00 0.00 1151 5166 1.0000 5166 395
185 0.73 1151 1579 0.75 6317 0.00 0.00 1151 5166 1.0000 5166 395
122 0.75 14496 19320 0.75 772~9 0.00 0.00 14496 62783 1.0000 62783 384
122 0.75 14496 19320 0.75 772~9 0.00 0,00 14496 62783 1.0000 62783 384
93 0.80 29894 37259 0.75 149037 0.02 0.00 29296 119741 0.3200. 38317 364
93 0.68 29894 43979 0.75 175917 0.02 0.00 29296 146620 0.3200 46919 364
92 0.68 4768 7014 0.75 28057 0.02 0.00 4673 23385 0.3200 7483 0
92 0.68 4768 7014 0.75 28057 0.02 0.00 4673 23385 0.3200 7483 0
70 0.71 2823 3998 0.75 15991 0.02 0.00 2767 13225 0.3200 4232 0
70 0.71 2823 3998 0.75 15991 ~0.02 0.00 ~ 2767 13225 0.3200 4232 0

102 0.68 180 266 0.75 1063:0.00 0.00 180 883 1.0000 883 0
102 0.68 180 266 0.75 1063 0.00 0.00 180 883 1.0000 883 0
126 0.66 35 53 0.75 213 0.00 0.00 35 178 1.0000 178 0
126 0.66 35 53 0.75 213 0;00 0.00 35 178 1.0000 178 0

183 0.64 759 1189 0.75 4754 0.00 0.00 759 3995 1.0000 3995 0
183 0.64 759 1189 0.75 4754 0.00 0.00 759 3995 1.0000 3995 0

154 0.78 2696 3447 0.75 13787 0.00 0.00 2696 11091 l.OOOO 11091 474
154 0.78 2696 3447 0.75 13787 0.00 0.00 2696 11091 1.0000 11091 474
161 0.77 2625 3430 0.75 13721 0.00 0.00 2625 11096 1.0000 11096 0
161 0.77 2625 3430 0.75 13721 0.00 0.00 2625 11096 1.0000 11096 0



continued)

(42) (43)    (44) (45) (46) (47) (48) (49) (50)    (51) (52)

EFF SALV ENCOUNT PRED ENTER MORT MORT ALIVE LOSS YEF LOSSYE
sH sH scm~Es s~ ccF ~D ~SUCK S~ SH S~ S~

0.75 8 11 0.75 43 0.00 0.00 8 35 1.0000 35
0.75 8 11 0.75 43 0.00 0o00 8 35 1.0000 35
0.79 12 15 0.75 61 0.00 0.00 12 49 1.0000 49
0.79 12 15 0.75 61 0.00 0.00 12 49 1.0000 49
0.73 226 310 0.75 1240 0.00 0.00 226 1014 1.0000 1014
0.73 226 310 0.75 1240 0,00 0.00 226 1014 1.0000 1014
0.75 505 673 0.75 2692 0.00 0.00 505 2187 1.0000 2187
0.75 505 673 0.75 2692 0.00 0.00 505 2187 1.0000 2187
0.77 485 630 0.75 2520 0.00 0.00 485 2035 1.0000 2035
0.63 485 774 0.75 3098 0,00 0.00 485 2613 1.0000 2613
0.68 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.68 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.71 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.71 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.72 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.72 0 0 0.75 0.0.02 0.00 0 0 0.8727 0
0.71 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.71 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.69 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.69 0 0 0.75 0 0.02 0.00 0 0 0.8727 0
0.78 10 13 0.75 51 0.00 0.00 10 41 1.0000 41
0.78 10 13 0.75 51 0.00 0.00 10 41 1.0000 41
0.80 12 15 0.75 60 0.02 0.00 12 48 0.8727 42
0.80 12 15 0.75 60 0.02 0.00 12 48 0.8727 42
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APPENDIX G
U. S. FISH AND WILDLIFE SERVICE’S

COORDINATION ACT REPORT SUMMARY

U. S. Fish and Wildlife Service’s (USFWS’s) Coordination Act Report willcontain a complete environmentalimpact anal-
ysis of the North Delta Program (NDP). The report will be incorporated into the EIR.

The impacts of the different features of the NDP, and the compensation needs arising from those impacts were evaluated
using the USFWS’s Habitat Evaluation Procedures (HEP). HEP is a methodology used to document the quality and
quantity of available habitat for selected wildlife species.

HEP analyses were completed for features of the NDP, including alternatives for dredging and enlargement of selected
north Delta charmels.

USFWS is completing a report titled Fish and Wildlife Resource Impacts and Compensation Needs, North Delta Program--A
Detailed Assessment, October 1990. This report, which documents the impacts and compensation needs analysis, using
I-IEP, will be available for review at the Department of Water Resources. These are: Enlargement of Clifton Court Forebay,
Enlargement of Selected Channels in the Southern Delta, and A Canal Intertie-Clifton Court Forebay to Delta Mendota Canal.
All three documents are available for review at the Department of Water Resources. The final results of the analysis will
be discussed in USFWS’s draft Coordination Act Report.

AHEP application is based on the assumption that habitat for selected wildlife species or communities can be described by
a model, which produces a Habitat Suitability Index (HSI). The HSI values are multiplied by the area of available habitat
to obtain Habitat Units (HUs). I-IUs are used to 1) compare the relative value of different areas at the same point in time
and 2) compare the relative value of the same area at future points in time. When the two types of comparisons are
compared, the impacts of proposed or anticipated land and water use changes on wildlife habitat can be quantified.

The proposed NDP project design will incorporate wildlife mitigation and enhancement measures within the proposed
channel enlargements and berm islands.

A summary of the analysis and results of the USFWS’s NDP HEP .follows.

Habitat Evaluation Procedures (HEP) Results

The U. S. Fish and Wildlife Service (USFWS) has Completed a HEP analysis of the channel enlargements feature of the
project. This analysis has focused on the projected impacts of the proposed channel enlargements to terrestrial wildlife.
In addition, the Service’s analysis was completed with limited participation of the other agencies involved with the project~
Verification of the I-IEP results and completion of a finalHEP report will necessitate continuing discussions with the I-IEP
team consisting of appropriate representatives from DFG, DWR, USFWS and possibly USACE. Nevertheless, the I-IEP
results are believed to fairly characterize, the overal[positive benefits which would accrue to terrestrial wildlife with im-
plementation of dredging and levee setbacks for various Delta channels.

The HEP analyses evaluated two general alternatives for channel enlargements using setback levee schemes. One alter-
native involved computer-generated profiles of channel dredging and enlargement for setback levees on project channels
channels provided by Water Resources during April 1990. This alternative series of profiles, which involved relatively
short setbacks along alternating sides of the channel, was divided prior to analysis into five distinct channel reaches (North
Fork Mokelumne River, main stem Mokelumne River, Snodgrass Slough, South Fork Mokelumne River, and Little Pota-
to/Connection Sloughs). The profiles did not specifically identify dimensions of waterside berms being constructed along
either the setback levees or the existing levees which would become channel islands.

A series of 7.5-minute quad maps of the preferred alternative (5B) detailing proposed channel dredging and enlargement
was provided by DWR in early October 1990. The preferred alternative (5B) shows seven alternating setback levee seg-
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merits extending along the main stem and North Fork Mokelumne River from just downstream of Interstate Highway 5 to
the San Joaquin River. Most of the existing levees (next to setback levees) would be left in place. Also, DWR proposed
that 50-foot-wide waterside berms would be constructed along the old and new levees bordering the new channel area.

Table X summarizes the results of the HEP applications. For each enlargement option, one.analysis was done assuming
natural revegetation of levees and berms, and one analysis was completed assuming these areas would be intensively re-
planted. For the five charmel segments involving the computer-generated profiles, all but one (Snodgrass Slough seg-
ment) would result in gains of habitat value (i.e,, enhancement) under the natural revegetation scenario. Should barren
areas be intensively replanted, considerable gains in habitat value would occur along all five channel segments.

The preferred alternative (5B) was evaluated as alternative 6 in Table X. Table X shows that for this alternative, the
project would result in 10,454 Average Annual Habitat Units (AAHU’s) being destroyed. However, with natural revege-
ration, 19,769 AAHU’s wouldbe provided for a net gain of 9,315 AAHU’s. With intensive replanting, enhancement would
increase to 16,403 AAHU’s.

In addition to all overall increase in terrestrial wildlife habitat values, the preferred alternative for channel enlargements
would have these benefits:

Blank page - discardAbout 87,000 feet (16.5 miles) of channel, which is now essentially barren of woody riparian
vegetation, would be allowed to develop Palustrine Scrub-Shrub (PSS) and Palustrine Forest (PFO). An impor-
tant new riparian corridor would be established.

Blank page - discardMuch of the affected reach would be allowed to develop dense woody riparian vegetation along
both sides of the new channel islands created with the existing levee left in place and along the new setback le-
vees. About 45 miles of heavily shaded improvement would be created .along the 16.5 miles of levee improve-
ment. Habitat values would thus be increased.

Blank page - discardSetback levees allow a maximum level of avoidance mitigation for Emergent Marsh (PEM), all
relatively high-value cover types.

Blank page - discardWoody vegetation presently on maintained levees would increase substantially in habitat value
with the cessation of maintenance activities.

Blank page - discardThree relatively large "oxbow" areas would be created between existing and setback levees.
These oxbows could be developed into diverse, high-value biological resources habitats.

Blank page - discardAll negative impacts of channel enlargements would be fully mitigated onsite, with substantial
enhancements remaining.

Blank page - discardImpacts to existing channel islands would be greatly reduced and poss~ly eliminated.

Blank page - discardLess than 6 acres of PFO cover would be destroyed While about 282 acres would be created.

Blank page - discardLess than three acres of PEM would be destroyed, while about 28 acres would be created.

Blank page - discardOnly about 0.5 acre of SRA Cover would be destroyed, while at least 11 acres would eventually
be created.

Blank page - discardImpacts to valuable existing areas which would be avoided include the following: 6-7 miles and
40-50 Cover; 3-4 miles and 2-3 acres of SPA Cover; and 2-3 miles and about .2.5 acres of PEM Cover.

Blank page - discardAgricultural impacts would be confined largely to sometimesfallow and disturbed levee border
"strips" on the islands, which in general are not as valuable to wildlife as interior island areas.

Blank page - discardThe additional miles of berm areas and channel islands produced by implementation of the pre-
ferred alternative (SB) should provide additional habitat for various rare, threatened, and endangered species of
plants and animals.
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Table X: Changes in habitat values as determined using HEP, which would occur
with various channel enlargement alternatives involving the use of setback
levees. For each alternative, the first set of figures given is without
planting of new islands and berms, and the second set is with the intensive
planting of these areas.

Average Annual Habitat Units (AAHU’s)
Channel Enlargement Alternatives

Lost Gained Net Gained

1 North Fork Mokelumne River, 2812 4838 2026
Hypothetical Alternative* 2812 5719 2907

2 Mainstem Mokelumne River, 1846 2281 435
Hypothetical Alternative* 1846 2858 1012

3 Snodgrass Slough, 512 459 -53
Hypothetical Alternative* 539 691 152

4 South Fork Mokelumne River, 5835 5857 22
Hypothetical Altemative* 5570 8786 3216

5 Little Potato/Connection Sloughs 560 1245 685
Hypothetical Alternative* 654 1887 1233

6 North Fork/Mainstem MokelumneRiver, 10454 19769 9315
Preferred Alternative** 10454 26857 16403

* Setback alternating between sides of existing channel, with
computer-generated levee and channel prof’fles.

** Seven alternating setback segments, as provided by DWR on USGS
quadrangle maps 10/04/90. This is DWR’s preferred alternative.
Detailed levee and channel profiles were not provided.
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APPENDIX H
CONSTRUCTION REPORT SUMMARY

The principal features of the North Delta Water Manage-move traffic safely and expeditiously through construc-
merit Program include improvements of the channels ei-tion zones.
ther by dredging of the channels or enlargement by dredg-
ing of existing channels and excavating new parallelLocal water qualityproblems, such as increased turbidity,
channels with setback levees. Alternatives 2A, 2B, 3Acan be expected for a short time in some channels due to
and 3B would involve only dredging of channels and alter-construction of bridge piers, cofferdams, and dredging.
natives 4A, 4B, 5A and 5B would include enlargement ofThis impact will be extended through the construction pc-
channels with setback levees, riod only, and will end once the project is operational. All

necessary permits will be obtained before constructionbe-
gins.

Channel Dredging-The channels would be increased in
cross-sectional areas to the extent possible by dredgingIncreasednoiseduetoconstructiontrafficandpiledriving
the channelbottoms to an elevation of about 20 feetbelowequipment at some sites would be unavoidable, but this
mean sea level while maintaining a side slope no steepereffect would be localized and will have minor impacts on
than 2:1 on either side of the existing channel. Dredgingthe public. The project area is not immediately adjacent
can be accomplished by the use of barge-monnted clam-to any metropolitan areas. These activities may have
shell or dragline. Hydraulic suction dredge may have to besome effect on local wildlife. The contractor will have to
employed in segments where the channels are narrow in~ meet the requirements of the California Occupational
width. The materials to be excavated from the channelSafety and Health Administration (CALOSHA), which
bottom will be placed on the land side of the existing le-should preclude unacceptable noise level.
vee. The excess dredged materials may also be used for
water side berm construction. Since the project is in a rural area, dust would not become

a serious problem during excavation and hauling. The

Channel Enlargement With Setback Levee-This includescontractor will be required to minimize the dust by water-
excavation of a new channel with a new setback levee ining or other means of control. The dust that cannot be
addition to dredging of the existing channel. The maxi-controlled is not expected to exceed that caused by normal

mumdepthofexcavationwillbeabout20feetbelowmeanfarming activities. The contract specifications may also
sea level for both the existing and the new channels withrequire the contractor to apply appropriate dust control
water side slopes no steeper than 2:1. The exterior sidemeasures on detours and operating roads.
slopes of the setback levee will vary from 3:1 to 5:1 de-

Where land acquisition is part of a project component,pending on the depth of underlying peat in the founda-
DWR and other involved agencies will assist each person,tion. A flatter slope on the exterior side is provided in

areas where deep layers of peat exist. In addition to thefamily, business, farm, or non-profit organization to relo-
cate or find an equivalent property. Every effort will benew setback levee, a berm of about 50 feet in width would

be provided on each side of the new channel to supportmade to keep inconvenience to a minimum and to allow

riparian vegetation and enhance wildlife habitat,
sufficient time for relocation. If necessary, a local office
will be established for better service.

The relocation of structures, the possible modification ofImpacts on fish migration from construction will be mini-
highways and bridges, and the use of county roads formal. Cofferdams, built to divert water from bridge con-
hauling would cause some delays and inconveniences tostruction sites, will extend slightly into the river and may
local residents due to detours and rerouting of traffic i ncause temporary increases in turbidity. The changed flow
the affected areas. However, the contractor will be in-pattern from the cofferdams may temporarily impact fish
structed to avoid peak traffic hours and weekends as muchmigration, depending on timing and construction meth-
as possible and to have adequate signs and personnel toods used.
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Utilities, if any, such as gas and water supply lines, powerstruction in advance.
and telephone cables, underground cables, and wells that
would be disrupted by the project would be replaced or re’Wells within the right-of-way boundary would be either
located at project expense. To minimize disruption of set-plugged and abandoned, replaced or otherwise compen-
vice, the relocation of such facilities would be handled bysated for. The following tables and figures summarize
the utility company involved. Utility cables or pipelines inpreliminary alternative estimates of quantities and costs.
the project area will be either overhead or underground,Detailed supporting documentation is available for in-
as appropriate. Utility companies will be notified of con- spection in the Department files.
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Table H-1 Summary of Estimated Costs for
Different Project Alternatives

Project Alternatives                           Cost in Dollars*

i. No Action ......

2A. Dredge the South Fork Mokelumne River        29,000.000

2B. Dredge.the South Fork Mokelumne River and    59,000,000
Enlarge the Delta Cross Channel Gates

3A. Dredge the South Fork and North Fork          53,000,000
Mokelumne River

3B. Dredge the South Fork and North Fork           83,000,000
Mokelumne River and Enlarge the Delta
Cross Channel Gates

4A. Enlarge the South Fork ~Mokelumne River      368~000,000
and Dredge the North Fork Mokelumne River

4B. Enlarge the South Fork Mokelumne River      398,000,000
and Dredge the North Fork Mokelumne River
and Enlarge the Delta Cross Channel Gates

5A. Dredge the South Fork Mokelumne River and 260,000,000
Enlarge the North Fork Mokelumne River

5B. Dredge the South Fork Mokelumne River and 290,000,000**
Enlarge the North Fork Moke!umne River
and Enlarge the Delta Cross Channel Gates

6A. Create an Island Floodway                       250,000,000

6B. Create an island floodway and Enlarge        280,000,000
the Delta Cross Channel

*Not including 0 & M and mitigation costs

~**Preferred Alternative
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Table H-2 Summary of Estimated Major Material Quantities Needed
for Construction of North Delta Program Facilities

Item Unit Project Alternatives

Excavate Existing Channel CY 3,527,0,00 3,527,000 6,548,000 6,548,000 15,569,000 15,569,000 10,831,000 ii~!~i~ii 2,937,000 2,937,000

Reinforce Existing Levee CY 219,000 219,0,00 295,000 295,000 1,280,000 1,280,000 806,000 iiiiiiii!i!i!!!!i~:..~ii ......

Excavate New Channel CY --- 786,000
¯

786,000 9,950,000 10,736,000 7,960,000 iiiiiii~i~" --- 786,000

Berm Embankment using ............ 2,980,000 2,980,000 1,811,00,0 iiiiiiiii~ii~!i!~i!~ ......
Channel Excavation CY

Levee Embankment using CY --- 123,000 --- 123,000 2,808,000 2,931,000 1,388,000 iiiiii!i!~!~!~iiii --- 123,000

~ Levee Embankmentusing CY --- 17,000 --- 17,000 9,762,000 9,779,000 5,507,000 iiiiiii!i~i~iil~’ 2,592,000 2,609,000
co imported Borrow ~"-

R~ra~ I~o. 126,000189,000243,000306,0001,6~4,0001,7~7,0001,4~3,000 iiiiiiii~ii~i~! 1,9.4.000 2,007,000
Bedding (6" under riprap) ITON 36,000 50,00,0 70,000 84,000 550,000 564,000 463,000 iiiiiii~iiiiiii!!iiii~i~i~ii 550,000 56~,000I

:Geotextile SF 1,117,000 1,533,000 2,156,000 2,572,000 31855,000 32,271,000 27,861,000 ii!12~0~::i 13,496,000 13,912,000

:Concrete-Structural CY --- 16,000 --- 16,000 10,000 26,000 10,000 iiiiiiiiiiiiiiiiiiiii!~!~!i 39,300 55,300

i ReinforcingSteel LB --- 3,288,000 3,288,000 2,392,000 5,680,000 2,392,000 ii!ii~iiiii~i~i~::~ii 8,549,000 11,837,000

Alternative Costs (in $1,000) $29,000 $59,000 $53,000 $83,000 $368,000 $398,000 $260,000 i.~.:~.i.:~.~.~ $250,000 $280,000

Preferred Alternative
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Table H-3
Alternative 2A
Dredge the South Fork Mokelumne River

Item            unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 2,761,000 294,962 470,962 3,526,924 $4.00 $14,108,000

Reinforce Existing Levee CY 154,200 1~4,814 14,814 35,592 219,420 $3.00 $658,000

Excavate New Channel CY $2.80 $0

Berm Embankment using CY $3.00 $0
Cha~nel Excavation

Levee Embankment using CY $1.00 $0
Channel Excavation

Levee Embankment using CY $7.00 $0
imported borrow

Geotextile (under embnk.) SF $0.25 $0

Riprap Ton 101,365 5,076 10,152 9,076 125,669 $15.00 $1,885,000

Bedding (6" thick) Ton 29,283 1,472 2,933 2,622 36310 $14.00 $508,000

Geotextile under bedding SF 901,019 45,120 90,240 80,675 1,117,054 $0.25 $279,000

Aggregate Base Ton $25.00 $0

Clearing and Grubbing AC 91 12 20 123 $700.00 $66,000

Enlarge Delta Cross LS
Channel Gate Structure

Subtotal-1 $17,524,000
Miscellaneous 20% $3,505,000

Subtotal-2 $21,029,000
Land Acquisition AC $2,00.0.00 $0

Utilities LS $215,000 $15,000 $38,000 $268,000
Bridges LS $0

. Subtotal-3 $21,297,000
S.C. plus Contingencies 350,~ $7,454,000

Total Cost $28,751,000



Table H-4
Alternative 2B
Dredge the South Fork Mokelurnne River and Enlarge the Delta Channel Gate Structure

Item unit Reach I Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 2,761,000 294,962 470,962 3,526,924 $4.00 $14,108,000

Reinforce Existing Levee CY 154,200 14,814 14,814 35,592 219,420 $3.00 $658,000

Excavate New Channel CY $2.80 $0

Berm Embankment using CY $3.00 $0
Channel Excavation

Levee Embankment using CY $1.00 $0
Channel Excavation

Levee Embankment using CY $7.00 $0
imported borrow

Geotextile (under embnk.) SF $0.25 $0

Riprap Ton 101,365 5,076 10,152 9,076 125,669 $15.0.0 $1,885,0.00

Bedding (6" thick) Ton 29,283 1,472 2,933 2,622 36310 $14.00 $508,000

Geotextile under bedding SF 901,019 45,120 90,240 80,675 1,117,054 $0.25 $279,000

Aggregate Base Ton . $25.00 $0

Clearing and Grubbing AC 91 12 20 123 $700.00 $86,000

Enlarge Delta Cross LS $18,612,000
Channel Gate Structure

Subtotal-1 $36,136,000
Miscellaneous 200h $7,227,000

Su btotal-2 $43,363,000
Land Acquisition AC $2,000.00 $0
Utilities LS $215,000 $15,000 $38,000 $268,000
Bridges LS $0

Subtotal-3 $43,681,000
S.O. plus Contingencies 35o,~ $15,271,000

Total Cost $58,902,000
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Table H-5
Alternative
Dredge the South Fork and North Fork Mokelumne River

Item            unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost

Excavate Existing Channel CY 2,761,000 294,962 470,962 754,517 0 2,266,557 6,547,998 84.00 826,192,000

Reinforce Existing Levee CY 154,200 14,814 14,814 25,925 35,592 50,000 295,345 $3.00 $386,000

Excavate New Channel CY $2.80 $0

Berm Embankment using CY $3.00 $0
Channel Excavation

Levee Embankment using CY $1.00 $0
Channel Excavation

Levee Embankmentusing CY $7.00 $0
imported borrow

Geotextile (under embnk.) SF $0.25 $0

Riprap Ton ~101,365 5,076 10,152 18,637 9,076 98,214 242,520 $15.00 $3,638,000 ~’-

Bedding (6" thick) Ton 29,283 1,472 2,933 5,404 2,622 28,373 70087 $14.00 $981,000

Geotextile under bedding SF 901,019 45,120 90,240 165,773 80,675 873,017 2,155,844 $0.25 $539,000

Aggregate Base Ton $25.00 $0

Clearing and Grubbing AO 91 12 18 20 106 247 $700.00 $173,000

Enlarge Delta Cross LS
Channel Gate Structure

Subtotal-1 $32,409,000
Miscellaneous 20o/0 $6,482,000

Subtotal-2 ,$38,891,000
Land Acquisition AC $2,000.00 $0

Utilities LS $215,000 $15,000 $38,000 $113,000 $381,000
Bridges LS $0

Subtotal-3 $39,272,000
&O. plus Contingencies 35% $13,745,000

Total Cost $53,017,000



Table H-6
Alternative 3B
Dredge the South Fork and North Fork Mokelumne River and Enlarge the Delta Cross Channel Gate Structure

Item unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 2,761,000 294,962 470,962 754,517 0 2,266,557 6,547,998 $4.00 $26,192,000

Reinforce Existing Levee CY 154,200 14,814 14,814 25,925 35,592 50,000 295,345 $3.00 $886,000

Excavate New Channel CY $2.80 $0

Berm Embankment using CY $3.00 $0

Channel Excavation

Levee Embankment using CY $1.00 $0
Channel Excavation ~"

Levee Embankment using CY $7.00 $0
imported borrow ~’-

Geotextile (under embnk.) SF $0.25

Ton 101,365 5,076 10,152 18,637 9,076 98,214 242,520 $15.00 $3,638,000Riprap

Bedding (6" thick) Ton 29,283 1,472 2,933 5,404 2,622 28,3,73 70087 $14.00 $981,000

Geotextile under bedding SF 901,019 45,120 90,240 165,773 80,675 873,017 2,155,844 $0.25 $539,000

Aggregate Base Ton $25.00 $0

Clearing and Grubbing AC 91 12 18 20 106 247 $700.00 $173,000

Enlarge Delta Cross LS $18,612,000
Channel Gate Structure

Subtotal-1 $51,021,000
Miscellaneous 20% $10,204,000

Subtotal-2 $61,225,000
Land Acquisition AC $2,000.00 $0
Utilities LS $215,000 $15,000 $38,000 $113,000 $381,000

Bridges LS $0
Subtotal-3 $61,606,000

S.C. plus Contingencies 3.50,~ $21,562,000
Total Cost $83,168,000
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Table H-7
Alternative 4A
Enlarge the South Fork and Dredge the North Fork of the Mokelumne River

item unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost item Cost
Excavate Existing Channel CY 333,600 2,761,000 294,962 470,962 754,517 0 2,266,557 4,671,294 2,287,400 13,840,292 $4.00 $55,361,000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 467,000 457,500 1,335,548 $3.00 $4,007,000

Excavate New Channel CY 4,403,111 3,113,494 448,296 1,111,111 398,600 306,000 9,780,612 $2.80 $27,386,000

Berm Embankment using CY 398,461 29,629 18,518 1,583,000 950,000 2,979,608 $3.00 $8,939,000
Channel Excavation

Levee Embankment using CY 641,866 1,420,000 851,750 2,913,616 $1.00 $2,914,000 ~.
Channel Excavation

Levee Embankment using CY 7,330,300 139,777 125,722 1,420,000 851,750 9,867,549 $7.00 $69,073,000 ~,-
imported borrow

Geotextile (under embnk.) SF 8,327,000 474,000 3,451,000 2,050,250 14,302,250 $0.25 $3,576,000

Riprap TON 272,232 870,823 25,380 50,760 18,637 45,380 98,214 166,725 110,175 1,658,326 $15.00 $24,875,000

Bedding (6" thick) TON 107,653 264,015 7,360 14,664 5,404 13,109 28,373 50,690 44,070 551,338 $14.00 $7,719,000

Geotextile under bedding SF 3,329,718 8,425,093 225,600 451,200 165,773 403,377 873,017 2,223,000 1,469,000 17,565,778 $0.25 $4,391,000

Aggregate Base TON 12,320 21,112 2,240 2,240 9,000 5,400 52,312 $25°00 $1,308,000

Clearing and Grubbing LS 343 453 59 18 99 106 79 49 1,206 $700.00 $844,000

Subtotal-1 $210,393,000

Miscellaneous 20% $42,079,000
Subtotal-2 $252,472,000

Land Acquisition AC 182 347 210 145 884 $2,000.00 $1,768,000
Utilities LS $35,000 $1,075,000 $72,000 $190,000 $113,000 $100,000 $1,635,000
Bridges LS $7,924,000 $500,000 $8,424,000

Subtotal-3 $264,299,000
S.C. plus Contingencies 350/o $92,505,000

Total Cost $356,804,000



Table H-8
Alternative 4B
Enlarge.the South Fork and Dredge the North Fork of the Mokelurnne River

Item unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 333,600 2,761,000 294,962 470,962 754,517 0 2,266,557 4,671,294 2,287,400 13,840,292 ,$4.00 $55,361,000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 467,000 457,500 1,335,548 $3.00 $4,007,000

Excavate NewChannel CY 4,403,111 3,113,494 448,296 1,111,111 398,600 306,000 9,780,612 $2.80 $27,386,000

Berm Embankment using CY 398,461 29,629 18,518 1,583,000 950,000 2,979,608 $3.00 $8,939,000
Channel Excavation

Levee Embankment using CY 641,866 1,420,000 851,750 2,913,616 $1.00 $2,914,000
Channel Excavation

Levee Embankment using . CY 7,330,300 139,777 125,722 1,420,000 851,750 9,867,549 $7.00 $69,073,000
imported borrow

Geotextile (under embnk.) SF 8,327,000 474,000 3,451,000 2,050,250 14,302,250 $0.25 $3,576,000

Riprap TON 272,232 870,873 25,380 50,760 18,637 45,380 98,214 166,725 110,175 1,658,376 $15.00 $24,876,000

Bedding (6" thick) TON 107,653 254,015 7,360 14,664 5,404 13,109 28,373 66,690 .44,070 551,338 $14.00 $7,719,000

Geotextile under bedding SF 3,329,718 8,425,093 225,600 451,200 165,773 403,377 873,017 2,223,000 1,469,000 17,565,778 $0.25 $4,391,000

Aggregate Base TON 12,320 21,112 2,240 2,240 9,000 5,400 52,312 $25.00 $1,308,000

Clearing and Grubbing LS 343 453 59 18 99 106 79 49 1,206 $700.00 $844,000

Enlarge Delta Cross $18,612,000.00
Channel Gate Structure

Subtotal-1 $229,006,000
Miscellaneous 200/0 $45,801,000

Subtotal-2 $274,807,000
Land Acquisition AC 182 347 210 145 884 $2,0,00.00 $1,768,000
Utilities LS $85,000 $1,075,000 $72,000 $190,000 $113,000 $100,000 $1,635,000
Bridges LS $7,924,000 $500,000 $8,424,000

Subtotal-3 $286,634,000
S.C. plus Contingencies 35o/0 $100,322,000

Total Cost $386,956,000
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Table H-9
Alternative 4AA
Enlarge the South Fork and Dredge the North Fork of
the Mokelurnne River, and enlarge Little Poteto Slough

Item            unit Reach 1    Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 R~ach 12 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 333,600 2,761,0.00 294,962 470,962 754,517 0 2,266,557 2,765,600 9,647,198 $4.00 $38 589 000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 277,000 688,048 $3.00 $2,064,000

Excavate New Channel. cY 4,403,111 3,113,494 448,296 1,111,111 1,553,300 10,629,312. $2.80 $29,762,000

Berm Embankment using CY 398,461 29,629 18,518 3,167,000 3,613,608 $3.00 " $10,841,000
Channel Excavation

Levee Embankment using CY 641,866 2,487,000 3,128,866 $1.00 $3,129,000
Channel Excavation

Levee Embankment using CY. 7,330,300 139,777 125,722 2,487,000 10,082,799 ’ $7.00 $70,580,00.0
imported borrow

Geotextile (under embnk.) SF 8,327,000 474,000 6,765,000 15,566,000 $0.25 $3,892,000

Riprap TON 272,232 870,873 25,380 50,760 18,637 45,380 98,214 272,000 1,653,476 $15.00 $24,802,000

Bedding (6" thick) TON 107,653 264,015 7,360 14,664 5,404 13,109 28,373 109,000 549,578 $14.00 $7,694,000’

Geotextile under bedding SF 3,329,718 8,425,093 225,600 451,200 165,773 403,377 873,017 3,627,000 17,500,778 $0.25 $4,375,000

Aggregate Base TON 12,320 21,112 2,240 2,240 18,000 55,912 $25.00 $1,398,000

Clearing and Grubbing LS 343 453 59 18 99 106 148 1,226 $700.00 $858,000

Subtotal-1 $197,984,000
Miscellaneous 20% $39,597,000

Subtotal-2 $237,581,000
Land Acquisition AC 182 347 582 1,111 $2,000.00 $2,222,000

Utilities LS $85,000 $1,075,0.00 $72,000 $190,00.0 $113,0’00 $100,000 $1,635,000
Bridges LS $7,924,0.00 $500,000 $3,424,000

Subtotal-3 $249,862,000
S.O. plus Contingencies 35o/o $87,452,000

Total Cost $337,314,000



Table H-10
Alternative 4BB
Enlarge the South Fork and Dredge the North Fork of
the. Mokelurnne River and enlarge Little Poteto Slough

Item            unit Reach 1    Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 12 Reach 11 Quantity Unit Cost    Item Cost
Excavate Existing Channel GY 333,600 2,761,000 294,962 470,962 754,517 0 2,266,557 2,765,600 9,647,1.98 $4.00 $38,589,000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 277,000 688,048 $3.00 $2,064,000

Excavate NewChannel CY 4,403,1il 3,113,494 448,296 1,111,111 1,553,300 10,629,312 ’ $2.80 $29,762,000

Berm Embankment using GY 398,461 29,629 18,518 3,167,000 3,613,608 $3.0,0 $10,841,000
Channel Excavation

Levee Embankment using CY 641,866 2,487,000 3,i28,866 $1.00 $3,129,000
~Channel Excavation

Levee Embankment using CY 7,330,300 139,777 125,722 2,487,000 10,082,799 $7.00 $70,580,000
imported borrow ~’-

Geotextile (under embnk.) SF 8,327,000 4741000 6,765,000 15,566,000 $0.25 $3,892,000

Riprap TON 272,232 870,873 25,380 50,760 18,637 45,380 98,214 272,000 1,653,476 $15.00 $24,802,00’0 I

Bedding (6" thick) TON 107,653 264,015 7,360 14,664 5,404 13,109 28,373 109,000 549,578 $14.00 $7,694~000

Geotextile under bedding SF 3,329,718 8,425,093 225,600 451,200 165,773 403,377 873,017 3,627,000 17,50,0,778 $0.25 $4,375,000

Aggregate Base ,TON 12,320 21,112 ’ 2,240 2,240 18,000 55,912 $25.0,0 $1,398,000

Clearing and Grubbing LS 343 453 59 18 99 106 148 1,226 $700.00 $858,000 ’

Enlarge Delta Cross $18,612,000.00
Channel Gate Structure

Subtotal-1 $216,596,000
Miscellaneous 20% $43,319,000

Subtotal-2 $259,915,0,00
Land Acquisition AC 182 347 582 1,111 $2,000.00 $2,222,000

Utilities LS $85,000 $1,075.000 $72,000 $190,000 $113,000 $100,000 " $1,635,000
Bridges LS $7,924,000 $500,000 $8,424,000

Subtotal-3 $272,196,000
S.O. plus Contingencies 350/0 $05,269,000

Total Cost $367,465,000
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Table H-11
Alternative 5A
Enlarge the North Fork and Dredge the South Fork and
Enlarge the Delta Cross Channel Gate Structure

item            unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8    Reach 9 Reach 10 Reach 11    Quantity    Unit Cost    Item Cost
Excavate Existing Channel CY 333,600 2,761,000 294,962 470,962 754,517 0 2,266,557 3,949,563 10,831,161 $4.00 $43,325,000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 395,000 806,048 $3.00 $2,418,000

Excavate New Channel CY 4,403,111 448,296 1,111,111 1,811,462 186,000 7,959,980 $2.80 $22,288,000

Berm Embankment using CY 29,629 18,518 812,456 950,000 1,810,603 $3.00 $5,432,000
Channel Excavation

Levee Embankment using CY 641,866 746,400 1,388,266 $1.00 $1,388,000
Channel Excavation

Levee Embankment using CY 139,777 125,722 4,494,826 746,400 5,506,725 $7.00 $38,547,000
imported borrow

Geotextile (under embnk.) SF 1,665,400 474,000 9,013,600 -2,091,000 13,244,000 $0.25 $3,311,000

Riprap Ton 272.232 101,365 25,380 50,760 18,637 45,380 803,072 106,200 1,423,026 $15.00 $21,3450000

Bedding (6" thick) Ton 107,653 29,283 7,360 14,664 5,404 13,109 242,665 42,470 462,608 $14.00 $6,477,000

Geotextile under bedding SF 3,329.718 901.019 225,600 451,200 165,773 403,377 7,725,086 1,415,700 14,617,473 $0.25 $3,654,000

Aggregate Base Ton 12,320 2,240 2,240 70,280 5,400 92,480 $25.00 $2,~12,000

Clearing and Grubbing LS 150 91 59 18 99 483 48 948 $700.00 $664,000

Subtotal-1 $151,161,000
Miscellaneous 20% $30,232,000

Subtotal-2 $181,393,000
Land Acquisition AC 210 690 120 1,020 $2,000.00 $2,040,000

Utilities LS $85,000 $215,000 $72,000 $190,000 $113,000 $675,000
Bridges LS $500,000 $7,924,000 $8,424,000

Subtotal-3 $192,532,000
S.O. plus Contingencies 35% $67,386,000

Total Cost $259,918,000



Table H-12
Alternative 5B (Preferred Alternmative)
Enlargethe North Fork and Dredge the South Fork and -
Enlarge the Delta Cross Channel Gate Structure

Item unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Reach 10 Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 333,600 2,761,0.00 294,962 470,962 754,517 0 2,266,557 3,949,563 10,831,161 $4.00 $43,325,000

Reinforce Existing Levee CY 115,703 154,200 14,814 .14,814 25,925 35,592 50,000 395,000 806,048 $3.00 $2,418,000

Excavate NewChannel CY 4,403,111 443,296 1,111,111 1,811,462 186,000 7,959,980 ~. $2.80 $22,288,000

Berm Embankment using CY 29,629 18,518 812.456 950,000 1,810,603 $3.00 $5,432,000
Channel Excavation

Levee Embankment using CY 641,866 746,400 1,388,266 $1.00 $1,388,000
Channel Excavation

Levee Embankment using CY 139,777 125,722 4,494 826 746,400 5,506,725 = $7.00 $38,547,000
imported borrow

Geotextile (under embnk.) BF 1,665,400 474,000 9,018,600 2,091,000 13,244,000 $0.25 $3,311,000

Riprap Ton 272,232 101,365 25,380 50,760 18,637 45,380 803,072 106,200 1,423,026 $15.00 $21,345,000

Bedding (6~ thick) Ton 107,653 29,283 7,360 14,664 5,404 13,109 242,665 42,470 462,608 $14.00 $6,477,000

Ge0textile under bedding SF 3,329,718 901,019 225,600 451,200 165,773 403,377 7,725,086 1,415,700 14,617,473 $0.25 $3,654,000

Aggregate Base Ton 12,320 2,240 = 2,240 70,280 5,400 92,480 $25.00 $2,312,0.00

Clearing and Grubbing LS 150 91 59 18 99 483 48 948 $700.00 . $664,000

Enlarge Delta Cross LS $18,612,000.
Channel Gate Structure

Subtotal-1 $169,773,00.0.
Miscellaneous 20% $33,955,000

Subtotal-2 $203,728,000
Land Acquisition AC 210 690 120 1,020 $2,000.00 $2,040,000
Utilities LS $85,000 $215,000 $72,000 $190,000 $113,000 $875,000
Bridges LS $500,000 $7,924,000 $8,424,000

Subtotal-3 $214,867,000
S.O. plus Contingencies 350/~ $75,203,000

Total Cost $290,070,000
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Table H-13
Alternative 5AA
Enlarge the North Fork and Dredge the South Fork and
Enlarge the Delta Cross Channel Gate Structure plus Shortcut through Andrus Island

Item            unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8    Reach 9 Andrus Cut Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 333,600 2,761,000 294,962 470,962 754,517 0 2,265,557 2,339,000 9,220.598 $4.00 $36,882,000

Reinforce Existing Levee OY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 233,000 644,048 $3.00 $1,932,000

Excavate New Channel CY 4,403,111 448,296 1,111,111 1,811,462 206,000 81,100 8,061,080 $2.80 $22,571,000

Berm Embankment using CY 29,629 .18,518 812,456 222,300 527,800 1,610,703 $3.00 $4,832,000
Channel Excavation

Levee Embankmentusing OY 641,866 81,000 206,000 414,500 1,343,366 $1.00 $1,343,000
Channel Excavation

Levee Embankment using CY 139,777 125,722 4,414,000 866,500 414.500 5,960,499 $7.00 $41,723,000
imported borrow

Geotextile (under embnk.) SF 1,665,400 474,000 9,013,600 1,230,000 1,228,250 13,611,250 $0.25 $3,403,000 ~’-

Riprap Ton 272,232 101,355 25,380 50,760 18,637 45,380 803,072 32,600 79,000 1,428.426 $15.00 $21,426,000

Bedding (6" thick), Ton 107,653 29,283 7,360 14,664 5,404 13,109 242,665 10,872 31,590 482,600 $14.00 $6,476,000

Geotextile under bedding SF 3,329,718 901,019 225,600 451,200 165,773 403,377 7,725,086 362,240 1,053,000 14,617,013 $0.25 $3,654,000

Aggregate Base Ton 12,320 2,240 2,240 70,280 27,000 3,000 117,080 $25.00 $2,927,000

Clearing and Grubbing LS 150 91 59 18 99 483 60 27 987 $700.00 $691,000

Subtotal-1 $147.860,000
Miscellaneous 20% $29,572,000

Subtotal-2 $177.432,000
Land Acquisition AC 210 690 69 72 1,041 $2,000.00 $2,082,000

Utilities LS $85,000 $215,000 $72,000 $190,000 $113,000 $675,000
Bridges LS $500,000 $7,924,000 $3,000,000 $11,424,000

Subtotal-3 $191,613,000
S.O. plus Contingencies 35% $67,065,000

Total Cost $258,678,000



Table H-14
Alternative 5BB
Enlarge the North Fork and Dredge the South Fork and
Enlarge the Delta Cross Channel Gate Structure plus Shortcut Through Andrus Island

Item unit Reach 1 Reach 2 Reach 4a Reach 4b Reach 7 Reach 8 Reach 9 Andrus Cut Reach 11 Quantity Unit Cost Item Cost
Excavate Existing Channel CY 333,600 2,761,000 294,962 470,962 754,517 0 2,266,557 2,339,000 9,220,598 $4.00 .~,882,000

Reinforce Existing Levee CY 115,703 154,200 14,814 14,814 25,925 35,592 50,000 233,000 644,048 $3.00 $1,932,000

Excavate NewChannel CY 4,403,111 448,296 1,111,111 1,811,462 206,000 81,100 8,061,080 $2.80 $22,571,000

Berm Embankment using CY 29,629 18,518 812,456 222,300 527,800 1,610,703 $3.00 $4,832,000
Channel Excavation

Levee Embankment using CY 541,866 81,000 206,000 414,500 1,343,366 $1.00 $1,343,000
Channel Excavation

.
Levee Embankment using CY 139,777 125,722 4,414,000 866,500 414,500 5,960,499 $7.00 $41,723,000
imported borrow

Geotextile (under embnk.) SF 1,665,400 474,000 9,013,600 1,230,000 1,228,250 13,611,250 $0.25 $3,403,000

Riprap Ton 272,232 101,365 25,380 50,760 18,637 45,380 803,072 32,600 79,000 1,428,426 $15.00 $21,426,000

Bedding (6" thick) Ton 107,653 29,283 7,350 14,654 5,404 13,109 242,665 10,872 31,590 462,600 $14.00 $6,476,000

Geotextile under bedding SF 3,329,718 901,019 225,600 451,200 185,773 403,377 7,725,086 352,240 1,053,000 14,617,013 $0.25 $3,654,000

Aggregate Base Ton 12,320 2,240 2,240 70,280 27,000 3,000 ’ 117,080 $25.00 $2,927,000

Clearing and Grubbing LS 150 91 59 18 99 483 60 27 987 $700.00 $691,000

Enlarge Delta Cross $18,612,000
Channel Gate Structure

Subtotal-1 $166,472,000
Miscellaneous 20% $33,294,000

Subtotal-2 $199,766,000
Land Acquisition AC 210 690 69 72 1,041 $2,000.00 $2,082,000
Utilities LS $85,000 $215,000 $72,000 $190,000 $113,000 $675,000
Bridges LS $500,000 $7,924,000 $3,000,000 $11,424,000

Subtotal-3 $213,947,000
S.C. plus Contingencies 35% $74,881,000

Total Cost $288,828,000
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Table H-15
Alternative 6A
Create An Island Floodway

Item I Unit I McCormack- I Dead Horse Staten Boulin I Andrus Tote, I UnitI Cost IWilllamson Tract Island Island Island Island Quantity I Cost I

Remove RIprap Tons 30,000 29,935 19,620 35,721 40,752 156,028 $7.50 $1,170,210

Remove Levee CY 230,000 337,296 262,073 984,533 1,123,200 2,937,102 $4.00 $11,748,408

Riprap Tons 300,000 31,695 1,458,308 83,828 70,402 1,944,233 $15.00 $29,163,495

Bedding (6-in. thick) Tons 84,600 8,943 411,780 23,656 19,867 548,846 $14.00 $7,683,844

Geotextile (bedding) SF 2,576,000 272,453 9,276,039 744,993 625,800 13,495,285 $0.25 $3,373,821 03

Embankment CY 473,257 1,200,000 919,146 2,592,403 $7.00 $18,146,821

Sub-bass Tons 7,486 7,486 $15.00 $112,290 ~.-

Agg. Bass-Class 2 Tons 7,486 7,486 $25.00 $187,150 I~.

Aslphelt Surfacing tons 3,465 3,465 $50.00 $173,250
~

Subtotal -1 $71,759,289

Miscellaneous 20% $14~351,858
Subtotal -2 $86,111,147

’Welts LS 14,160,000 14,160,000 $14,160,000

Bddge LS 1,745,000 28,568,000 30,305,000 $30,305,000

Utilities LS $9,135,000

Marine Remove & LS 26,000 150,000 5,000,000 250,000 8,114,000 13,540,000 $13,540,000
Relocate

Lend Acquisit!on/ROW LS 2~648,000 358,009... 1..3,508,000 1~793,000 13,744,000 32,151,000 $32,151,000
Subtotal -3 $185,402,147

S.O. plus Contingencies 35% $64,890,751
Total Cost I $250,000,000 1



Table H-16
Alternative 6B
Create an Island Floodway and
Enlarge Delta Cross Channel Gate Structure

Williamson Tract Island Island Island Island Quantity I Cost

Remove Riprap Tons 30,000 29,935 19,620 35,721 40,752 156,028 $7.50 $1,170,210

Remove Levee CY 230,000 337,296 262,073 984,533 1,123,200 2,937,102 $4.00 $11,746,408

Riprap Tons 300,000 31,695 1,458,308 83,828 70,402 1,944,233 $15.00 $29,163,495

Bedding (6-in.thick) Tons 84,600 8,943 411,780 23,656 19,867 548,846 $14.00 $7,683,844

Geotextile (bedding) SF 2,576,000 272,453 9,276,039 744,993 625,800 13,495,285 $0.25 $3,373,821

Embankment CY 473,257 1,200,000 919,146 2,592,403 $7.00 $18,146,821

Sub-base Tons 7,486 7,486 $15.00 $112,290

Agg. Base-Class 2 Tons 7,486 7,486 $25.00 $187,150 ~’-

Aslphalt Surfacing tons 3,465 3,465 $50.00 $173,250

E. nlarge Delta Cross Channel LS $181612~000
Subtotal -1 $90,371,289

Miscellaneous 20% $18r074r258
Subtotal -2 $108,445,547

~/elrs LS 14,160,000 14,160,000 $14,160,000

Bridge LS 1,745,000 28,560,000 30,305,000 $30,305,000

Utilities LS $9,135,000

Marina Remove & LS 26,000 150,000 5,000,000 250,000 8,114,000 13,540,000 $13,540,000
Relocate

Land Acquisition/ROW LS 216481000 358~000 1316081000 lr793~000 13~744~000 32r151~000 $32~151~000
Subtotal -3 $207,736,547

S.O. plus Contingencies 35% $72~707 791
Total Cost $250~000~000 1
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PRELIMINARY DREDGE MATERIAL TEST RESULTS
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APPENDIX I
PRELIMINARY DREDGE MATERIAL TEST RESULTS

The NDP currently plans to use dredge material exca-All samples were taken from mid-stream by a clam-shell
vated out of north Delta channels for levee constructionbucket.
or wildlife enhancement. Prior to dredging, the Depart-
ment must receive an approved Section 404 permit fromPace Laboratories and the Department’s Soil and Con-

the Department of the Army and a certification or waiver crete Laboratory received the dredge material samples on

of certification from the Regional Water Quality Control March 29, 1990. Pace Laboratory conducted the toxic

Board, Central Valley Region (RWQCB, CVR) stating chemical and metals testing while the Department’s Soil

that the proposed project will not violate state water qual-and Concrete Laboratory conducted a soft classification

ity standards. Approval from these agencies would betest. Results of both analysis are included in this appen-
based on the types and quantities of toxics present at po-dix.

tential dredge sites.
Based on RWQCB,CVR, DHS, and DFG comments
from the workshop the Department conducted on June

There has not been any known in-depth testing of north13, 1990, the Department is currently drafting a workplan
Delta channel sediment, therefore a broad scan survey ofoutlining the following:
toxic chemicals and metals such as chlorinated pesticides,
PCBs, mercury and tributyltin was conducted. The De- ¯ toxic chemicals and metals that will be tested for,
partment felt that it would be inappropriate to conduct a¯ location of test sites,large study without consulting those agencies that would
be involved in the EIR process. Therefore, the initial sur-̄ depths below channel bed that sediment samples will
vey was designed to gather survey information which be taken
could be used as a basis to design a thorough sampling pro-

¯ laboratory analysis procedures,gram.
¯ detection limits

The field sampling was conducted by boat on March 28,̄
drainage water testing from the dredge material,1990. Six sites were selected with each site representing

one of the following criteria: ¯ drainage water that may leach into the ground water,

¯ Near a marina, ¯ drainage water that enters back into the channel,

¯ water column toxicity during and after dredging,
¯ Adjacent to an agricultural drainage pump,

The draft work-plan will be submitted to RWQCB,CVR
¯ In a ’clear’ area. for review prior to finalization and implementation.
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c o R o. o                           REPORT OF LABORATORY ANALYSIS
THE ASSURANCE OF QUALITY

¯

May 01, 1990                                                         L:~!~ ...... ""~ ...... ;.. �"i,.~

Cbei:~ c,:~ C~:~od’l Ck:~

Mr. Bruce Agee "’~’~~ .....
Department of Water Resources, Central Cop~e~
3251 S. Street
Sacramento, CA ~95816

RE: PACE Project No. 400329.500
Calif. D~ Central

Dear Mr. Agee:

Enclosed is th~ report of organotin results for samples received
March 29, 1990. This supplements the report issued April 19, 1990.

If you have any questions concerning this report, please feel free
to contact us.

Sincerely,

/,
~. /~,’<."~’- __

Steph~n F. Nackord
Director, Sampling and Analytical Services

r

Enclosures
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, ~ ~ o~ o ~ ~o                           REPORT OF L~BOP~TOR¥ ~N~L¥$1$
THE ASSURANCE    OF QUALITY

Department of Water Resources, Central      May 01, 1990
3251 S. Street                                    PACE Project
Sacramento, CA 95816                                  Number: 400329500

PACE WP Number: WPPLAB 1294

Attn: Mr. Bruce Agee

Calif.DWR Central

PACE Sample Number:                                                733030      733040      733050
Date Collected:                                                  03/29/90 03/29/90 03/29/90
Date Received:                                                         03/29/90    03/29/90    03/29/90
Parameter                                      Units        MDL CQ 0169     CQ 0170     QQ 0171

SUBCONTRACT ANALYSIS

ORGANOTIN COMPOUNDS
Monobutyl Tin                                   ug/kg dry i       ND           ND           ND
Dibutyl Tin                                     ug/kg dry I       ND           ND           0.64 TRA(
Tributyl Tin                                 ug/kg dry i       5.4         3.3         ND
Tetrabutyl Tin                                 ug/kg dry i       ND           ND           ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Pc o ~, o ~,~o                            REPORT OF LABORATORY ANALYSIS
THE ASSURANCE OF QUALITY

Mr. Bruce Agee May 01, 1990
Page 2 PACE Project

Number: 400329500

Calif. DWR Centra!

PACE Sample Number:                                                   733060      733070      733080
Date Collected:                                                   03/29/90 03/29/90 03/29/90
Date Received:                                                          03/29/90    03/29/90    03/29/90
Parameter                                         Units       MDL     CQ 0172     gQ 0173     CQ 0174

SUBCONTRACT ANALYSIS

ORGANOTIN COMPOUNDS
Monobutyl Tin                                  ug/kg dry 1      ND           ND           2.3
Dibutyl Tin                                    ug/kg dry I      4.1          1.5          3.~7
Tributyl Tin                                   ug/kg dry 1      3.5          2.4          5.3
Tetrabutyl Tin                                ug/kg dry 1      ND           ND           ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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P - REPORT OF LABORATORY ANALYSISC Q R P Q R AT E 0
THE ASSURANCE O,c QUALITY

Mr. Bruce Agee May 01, 1990
Page 3 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                   733090
Date Collected:                                                     03/29/90
Date Received:                                                       03/29/90
Parameter                                      Units        MD__L CQ 0175

SUBCONTRACT ANALYSIS

ORGANOTIN COMPOUNDS
Monobutyl Tin                                   ug/kg dry    i      0.82 TRACE
Dibutyl Tin                                  ug/kg dry I     4.0
Tributyl Tin                                     ug/kg dry    I      4.2
Tetrabutyl Tin                                  ug/kg dry    I      ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

The data contained in this report were obtainedusing EPA or other
approved methodologies. All analyses were performed by me or under
my supervision.

Stephen F. Nackord
Director, Sampling and A1~a!ytical Services
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Offices:
REPORT OF LABORATORY ANALYSIS Tampa,     Minneapolis, Florida Minnesota

Coralvil!e, Iowa
Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

April 19, 1990                                                      [’-:~,

Invoice
Mr. ~ruce Agee
Department of Water Resources, Central                       C,>i"’~:,;
3251 S. Street
Sacramento, CA 95816

To,RE: PACE Project No. 400329. 500 NQi’esi .7
Calif.’DWR Central ,.~ !’~" ~ ~;i/°’,. ,,

Dear Mr. Agee:

Enclosed is the report of laboratory analyses for samples received
March 29, 1990.

if you have any questfons concerning this report, .please feel free

to contact us.

Sincerely,

StephWn F. Nackord
Director, Sampling and Analytical Services

NOTE: The results for the organotin testing will be submitted
when the results are received from the subcontractor.

Enclosures
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Offices:R EPO RT OF LABORATORY ANALYSIS                                                                              ~mpa,Minneap°liS’FIoridaMinnes°ta

Ib Coralville, lowaa oratories, Inc. Novato, California
Leawood, Kansas
Irvine, Cali~rnia
Asheboro,North Carolina

Mr. Bruce Agee                                     April 19, 1990
Page     2                                           PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                   733030      733040      733050

Date Collected:                                                   03/29/90 03/29/90 03/29/90
Date Received:                                                          03/29/90    03/29/90    03/29/90
Parameter                                     Units.        MDL CQ 0169     CQ 0170     CQ 0171

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GG/MS)
Bis(2-chloroisopropyl) ether                ug/kg       300     ND           ND           ND
N-Nitrosodipropylamine                        ug/kg       300     ND           ND           ND
Hexachloroethane                                ug/kg       300     ND           ND           ND
Nitrobenzene                                   ug/kg       300     ND           ND           ND
Isophorone                                       ug/kg       300     ND           ND           ND
Bis(2-chloroethoxy)methane                   ug/kg       300     ND           ND           ND

1,2,4-Trichlorobenzene                        ug/kg       300     ND           ND           ND
Naphthalene                                      ug/kg       300     ND           ND           ND
4-Chloroaniline                                 ug/kg       300     ND           ND           ND
Hexachlorobutadiene                            ug/kg       300     ND           ND           ND
2-Methylnaphthalene                            ug/kg       300     ND           ND           ND
Hexachlorocyclopentadiene                    ug/kg       300     ND           ND           ND

2-Chloronaphthalene                          ug/kg       300     ND           ND           ND
2-Nitroaniline                                  ug/kg       1500    ND           ND           ND
Dimethylphthalate                             ug/kg       300     ND           ND           ND
Acenaphthylene                                ug/kg       300     ND           ND           ND
2,6-Dinitrotoluene                            ug/kg       300     ND           ND           ND
3-Nitroaniline                                  ug/kg       1500    ND           ND           ND

Acenaphthene                                     ug/kg       300     ND           ND           ND
Dibenzofuran                                     ug/kg       300     ND           ND           ND
2,4-Dinitrot01uene                            ug/kg       300     ND           ND           ND
Diethylphthalate                            ug/kg       300    ND          ND          ND
Fluorene                                          ug/kg       300     ND           ND           ND
4-Nitroaniline                                ug/kg       1500 ND           ND           ND

4-Ghlorophenylphenylether                   ug/kg       300     ND           ND           ND
N-Nitrosodiphenylamine                        ug/kg       300     ND           ND           ND
1,2-Diphenylhydrazine                        ug/kg       300     ND           ND           ND
4-Bromophenylphenylether                     ug/kg       300     ND           ND           ND
Hexachlorobenzene                                ug/kg        300     ND            ND            ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

464
11 Digital.Drive [] Novato, CA 94949 [] Phone (415) 883-6100

an equa/ oppo~unity emp/oyer

C--071 581
C-071101,482



’ Offices:
pQC~®    REPORT OF LABO RATa BY ANALYSIS                                                                              ~mpa,Minneap°liS’FIoridaMinnes°ta

a oratories, Inc, Novato, California
Leawood, Kansas
Irvine, California
Ashebo~ North Ca~lina

Mr. Bruce Agee April 19, 1990

Page     3 PACE Project
Number: 400329500

Calif. DWR Central

PACE Sample Number: 733030 733040 733050
Date Collected: 03/29/90 03/29/90 03/29/90
Date Receivedi " 03/29/90 "03/29/90 03/29/90
Parameter Units MDL CQ 0169 CQ 0170 CQ 0171

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Phenanthrene ug/kg 300 ND ND ND
Anthracene ug/kg 300 ND ND ND
Di-n-butylphthalate ug/kg 300 ND ND ND
Fluoranthene ug/kg 300 ND ND ND
Benzidine ug/kg 1500 ND ND ND
Pyrene ug/kg 300 ND ND ND

Butylbenzylphthalate ug/kg 300 ND ND ND
Benzo(a)anthracene ug/kg 300 ND ND ND
3,3’-Dichlor.obenzidine ug/kg 600 ND ND ND
Chrysene ug/kg 300 ND ND ND
Bis(2-ethylhexyl)phthalate ug/kg 300 ND ND ND
Di-n-octylphthalate ug/kg 300 ND ND ND

Benzo(b)fluoranthene ug/kg 300 ND ND ND
Benzo(k)fluoranthene ug/kg 300 ND ND ND
Benzo(a)pyrene ug/kg 300 ND ND ND-
Ideno(l,2,3-cd)pyrene ug/kg 300 ND ND ND
Dibenzo(a,h)anthracene ug/kg 300 ND ND ND
Benzo(g,h,i)perylene ug/kg 300 ND ND ND

Phenol ug/kg 300 ND ND ND
2-Chlorophenol ug/kg 300 ND ND ND
2-Methylphenol ug/kg 300 ND ND ND
4-Methylphenol ug/kg 300 ND ND ND
2-Nitrophenol ug/kg 300 ND ND ND
2,4-Dimethylphenol ug/kg 300 ND ND ND

Benzoic Acid ug/kg 1500 ND ND ND
2,4-Dichlorophenol ug/kg. 300 ND ND ND
4-Chloro-3-methylphenol ug!kg 300 ND ND ND
2,4,6-Trichlorophenol ug/kg 300 ND ND ND
2,4,5oTrichlorophenol ug/kg 300 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Offices:
p~l~�~®    RE PO RTOF LABO RATO RY ANA LVSIS                                                                              Tampa,Minneap°lFIoridais’Mi nnesota .

a ratories, Inc,                                                 Nova,o, California
Leawood, Kansas
Irvine, California
Ashebo~, North Camlina

Mr. Bruce Agee Apri! 19, 1990
Page     4 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:. 733030 733040 733050
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: ¯ 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0169 CQ 0170 CQ 0171

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
2,4oDinitrophenol ug/kg 1500 ND ND ND
4-Nitrophenol ug/kg 1500 ND ND ND
2-Methyl-4,6-dinitrophenol ug/kg 1500 ND ND ND
Pentachlorophenol ug/kg 300 ~ND ND ND
alpha-BHC ug/kg 300 ND ND ND
beta-BHC ug/kg 300 ND ND ND

gamma-BHC ug/kg 300 ND ND ND
delta-BHC ug/kg 300 ND ND ND
Heptachlor ug/kg 300 ND ND ND
Aldrin ug/kg 300 ND ND ND
Heptachlor Epoxide ug/kg 300 ND ND ND
Endosulfan I ug/kg 300 ND ND ND

4,4°-DDE ug/kg 1500 ND ND ND
Dieldrin ug/kg 300 ND ND ND
Endrin    "" ug/kg 300 ND ND ND
Endosulfan II ug/kg 300 ND ND ND
4,4’-DDD ug/kg 300 ND ND ND
Endrin Aldehyde ug/kg 1500 ND ND ND

4,4’-DDT ug/kg 300 ND ND ND
Endosulfan Sulfate ug/kg 1500 ND ND ND
Aroclor-lOl6 ug/kg 3000 ND ND ND
Aroclor-1221 ug/kg 3000 ND ND ND
Aroclor-1232 ug/kg 3000 ND ND ND
Aroclor-1242 ug/kg 3000 ND ND ND

Aroclor-1248 ug/kg 3000 ND ND ND
Aroclor-1254 ug/kg 3000 ND ND ND
Aroclor-1260 ug/kg 3000 ND ND ND
Nitrobenzeneod5 (Surrogate Recovery) 649 579 549

2-Fluorobiphenyl (Surrogate Recovery) 849 749 759

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Offices:

pQCl~’. REPORT OF LABORATORY ANALYSIS Tampa,Minneap°liS’FIoridaMinnes°ta

Ic~b    i
Coralville, Iowa

OFCItOF eS, inc, Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page     8 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 CQ 0173 CQ 0174

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Hexachloroethane ug/kg 300 ND ND ND
Nitrobenzene ug/kg 300 ND ND ND
Isophorone ug/kg 300 ND ND ND
Bis(2-chloroethoxy)methane ug/kg 300 ND ND ND
1,2,4-Trichlorobenzene ug/kg 300 ND ND ND
Naphthalene ug/kg 300 ND ND ND

4-Chloroaniline ug/kg 300 ND ND ND
Hexachlorobutadiene ug/kg 300 ND ND .ND
2-Methylnaphthalene ug/kg 300 ND ND ND
Hexachlorocyclopentadiene ug/kg 300 ND ND ND
2-Chloronaphthalene ug/kg 300 ND ND ~ ND
2-Nitroaniline ug/kg 1500 ND ND ND

Dimethylphthalate ug/kg 300 ND ND ND
Acenaphthylene ug/kg 300 ND ND ND
2,6-Dinitrotoluene ug/kg 300 ND ND ND
3-Nitroaniline ug/kg 1500 ND ND ND
Acenaphthene ug/kg 300 ND ND ND
Dibenzofuran ug/kg 300 ND ND ND

2,4-Dinitrotoluene ug/kg 300 ND ND ND
Diethylphthalate ug/kg 300 ND ND ND
Fluorene ug/kg 300 ND ND ND
4-Nitroaniline ug/kg 1500 ND ND ND
4-Chlorophenylphenylether ug/kg 300 ND ND ND
N-Nitrosodiphenylamine ug/kg 300 ND ND ND

1,2-Diphenylhydrazine ug/kg 300 ND ND ND
4-Bromophenylphenylether ug/kg 300 ND ND ND
Hexachlorobenzene ug/kg- 300 ND ND ND
Phenanthrene ug/kg 300 ND ND ND
Anthracene ug/kg 300 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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pace REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota
® Tampa, Florida

Coralville,
IUUUI UlU/l~,b, inc. Novato, California

Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page     9 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 ~Q 0173 CQ 0174

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Di-n-butylphthalate ug/kg 300 ND ND ND
Fluoranthene ug/kg 300 ND ND ND
Benzidine ug/kg 1500 ND ND ND
Pyrene ug/kg 300 ND ND ND
Butylbenzylphthalate ug/kg 300 ND ND ND
Benzo(a)anthracene ug/kg 300 ND ND ND

3,3’-Dichlorobenzidine ug!kg 600 ND ND ND
Chrysene ug/kg 300 ND ND ND
Bis(2-ethylhexyl)phthalate ug/kg 300 ND~ ND ND
Di-n-octylphthalate ug/kg 300 ND ,ND ND
Benzo(b)fluoranthene ug/kg 300 ND ND ND
Benzo(k)fluoranthene ug/kg 300 ND ND ND

Benzo(a)pyrene ug/kg 300 ND ND ND
Ideno(l,2,3-cd)pyrene ug~kg 300 ND ND ND
Dibenzo(a,h)anthracene ug/kg 300 ND ND ND
Benzo(g,h,i)perylene ug/kg 300 ND ND ND
Phenol ug/kg 300 ND ND ND
2-Chlorophenol ug/kg 300 ND ND ND

2-Methylphenol ug/kg 300 ND ND ND
4-Methylphenol ug/kg 300 ND ND ND
2-Nitrophenol ug/kg 300 ND ND ND
2,4-Dimethylphenol ug/kg 300 ND ND ND
Benzoic Acid ug/kg 1500 ND ND ND
2,4-Dichlorophenol ug/kg 300 ND ND’ ND

4-Chloro-3-methylphenol ug/kg 300 ND ND ND
2,4,6-Trichlorophenol ug/kg 300 ND ND ND
2,4,5-Trichlorophenol ug/kg 300 ND ND ND
2,4-Dinitrophenol ug/kg 1500 ND ND ND
4-Nitrophenol ug/kg 1500 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Offices:

pQC~,    REPORT OF LABORATORY ANALYSIS                                                                              ~mpa, FlofidaMinneap°lis’ Minnesota

a oratories, inc. Novato, California
Leawood, Kansas
Irvine, Oalifornia
Asheboro, North Carolina

Mr. Bruce Agee April $9, 1990
£age l0 PACE Pro]ect

Number: 400329500
Calif. DWR Central

PACE Sa~£1e Nu~be~: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 CQ 0173 .CQ 0174

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
2-Methyl-4,6-dinitrophenol ug/kg 1500 ND ND ND
Pentachlorophenol .ug/kg 300 ND ND ND
alpha-BHC ug/kg 300 ND ND ND
beta-BHC ug/kg 300 ND ND ND
gamma-BHC ug/kg 300 ND ND ND
delta-BHC ug/kg, 300 ND ND ND

Heptachlor ug/kg 300 ND ND ND
Aldrin ug/kg 300 ND ND ND
Heptachlor Epoxide ug/kg 300 ND ND ND
Endosulfan I ug/kg 300 ND ND ND
4,4’-DDE ug/kg 1500 ND ND ND
Dieldrin ug/kg 300 ND ND ND

Endrin ug/kg 300 ND ND ND
Endosulfan II ug/kg 300 ND ND ND

4,4~-DDD ug/kg 300 ND ND ND
Endrin Aldehyde .ug/kg 1500 ND ND ND
4,4’-DDT ug/kg 300 ND ND ND
Endosulfan Sulfate ug/kg 1500 ND ND ND

Aroclor-lOl6 ug/kg 3000 ND ND ND
Aroclor-1221 ug/kg 3000 ND ND ND
Aroclor-1232 ug/kg 3000 ND ND ND

Aroclor-1242 ug/kg 3000 ND ND ND

Aroclor-1248 ug/kg 3000 ND ND . ND
Aroclor-1254 ug/kg 3000 ND ND ND

Aroclor-1260 ug/kg 3000 ND ND ND
Nitrobenzene-d5 (Surrogate Recovery) 499 689 1449

2-Fluorobiphenyl (Surrogate Recovery) 649 829 1699
Terphenyl-dl4 (Surrogate Recovery) 769 1079 2179
2-Fluorophenol (Surrogate Recovery) 679 869 09(*)

(*) Acid phenolic surrogates were not added to sample
MDL       Method Detection Limit

ND Not detected at or above the MDL.

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 586
C-071101.487



Offices:
pQCl~~    RE PORTOF LABORATO BY ANALYSIS                                                                              ~mpa,Minneap°lis’Minnes°taFIorida.

a oratories, InCL                            Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Ca~lina

Mr. Bruce Agee Apri$ $9, $990
£age    $4 £ACE £roject ’

Number: 400329500
Calif. D~E

£ACE SampSe ~umber: 733090
Date Co$$ecte~: 03/29/90
D~te Aecei~e4: . 03/29/90
Parameter Units MDL CQ 0175

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Hexachloroethane ug/kg 300 ND
Nitrobenzene ug/kg 300 ND
Isophorone ug/kg 300 ND
Bis(2-chloroethoxy)methane ug/kg 300 ND
1,2,4-Trichlorobenzene ug/kg 300 ND
Naphthalene ug/kg 300 ND

4-Chloroaniline ug/kg 300 ND
Hexachlorobutadiene ug/kg 300 ND
2-Methylnaphthalene ug/kg 300 ND
Hexachlorocyclopentadiene ¯ ug/kg 300 ND
2-Chloronaphthalene ug/kg 300 ND
2-Nitroaniline ug/kg 1500 ND

Dimethylphthalate ug/kg 300 ND
Acenaphthylene ug/kg 300 ND
2,6-Dinitrotoluene ug/kg 300 ND
3-Nitroaniline ug/kg 1500 ND
Acenaphthene ug/kg 300 ND
Dibenzofuran ug/kg 300 ND

2,4-Dinitrotoluene ug/kg 300 ND
Diethylphtha!ate ug/kg 300 ND
Fluorene , ug/kg 300 ND
4-Nitroaniline ug/kg 1500 ND
4oChlorophenylphenylether ug/kg 300 ND
N-Nitrosodiphenylamine ug/kg 300 ND

1,2-Diphenylhydrazine ug/kg 300 ~ND
4-Bromophenylphenylether ug/kg 300 ND
Hexachlorobenzene ug/kg 300 ND
Ph~nanthrene ug/kg 300 ND
Anthracene Ug/kg 300 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

470

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equa/ opportunity emp/oyer

C--071 587
C-071101.488



Offices:
pQC~®       REPORT OF LABORATORY ANALYSIS                                                                              Tampa,Minneap°lis’FIoridaMinnes°ta

laboratories Coralville, Iowa
Novato, California
Leawood, Kansas
Irvine, California
Asheborc North Carolina

Mr. Bruce Agee                                     APril 19, 1990
Page    15                                           PACE Project.

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                   733090
Date Collected:                                                     03/29/90
Date Received:                                                          03/29/90
Parameter                                         Units         MDL CQ 0175

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Di-n-butylphthalate                          ug/kg       300     ND
Fluoranthene                                   ug~kg       300     ND
Benzidine                                         ug/kg       1500 ND
Pyrene                                             ug/kg       300     ND
Butylbenzylphthalate                         ug/kg       300     ND
Benzo(a)anthracene                             ~g/kg       300     ND

3,3t-Dichlorobenzidine                        ug/kg       600     ND
Chrysene                                          ug/kg       300     ND
Bis(2-ethylhexyl)phthalate                  ug/kg       300    ND

Di-n-octylphthalate                          ug/kg       300     ND
Benzo(b)fluoranthene                         ug/kg       300     ND
Benzo(k)fluoranthene                         ug/kg       300     ND

Benzo(a)pyrene                                  ug/kg       300     ND
Ideno(l,2,3-cd)pyrene                         ug/kg       300     ND
Dibenzo(a,h)anthracene                        ug/kg       300     ND
Benzo(g,h,i)perylene                           ug/kg       300     ND
Phenol                                            ug/kg       300     ND
2-Chlorophenol                                ug/kg       300     ND

2-Methylphenol                                ug/kg       300    ND
4-Methylphenol                                  ug/kg       300     ND
2-Nitrophenol                                  ug/kg       300     ND
2,4-Dimethylphenol                             ug/kg       300     ND
Benzoic Acid                                     ugikg       1500    ND
2,4-Dichlorophenol                            ug/kg       300     ND

4-Chloro-3-methylphenol                    ug/kg       300    ND
2,4,6-Trichlorophenol                       ug/kg       300    ND
2,4,5-Trichlorophenol                        ug/kg       300     ND                             ~
2,4-Dinitrophenol                             ug/kg       1500 ND
4-Nitropheno!                                  ug/kg       1500 ND

MDL Method Detection Limit
ND Not detected at or above the MDLo

471

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 588
C-071101.489



pl~�~, Offices:
REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota

® Tampa, Florida
Coralville, IowaIoborQtories, ,nc. Nova,o, California
Leawood, Kansas
Irvine, Cali~rnia
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page 16 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733090
Date Collected: 03/29/90
Date Received: 03/29/90
Parameter Units MDL CQ 0175

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
2-Methyl-4,6-dinitrophenol ug/kg 1500 ND
Pentachlorophenol ug/kg 300 ND
alpha-BHC ug/kg 300 ND
beta-BHC ug!kg~ 300 ND
gamma-BHC ug/kg 300 ND
delta-BHC ug/kg 300 ND

Heptachlor ug/kg 300 ND
Aldrin ug/kg 300 ND
Heptachlor Epoxide ug/kg 300 ND
Endosulfan I ug/kg 300 ND
4,4’-DDE ug/kg 1500 ~ND
Dieldrin ug/kg 300 ND

Endrin ug/kg 300 ND
Endosulfan II ug/kg 300 ND
4,4’-DDD ug/kg 300 ND
Endrin Aldehyde ug/kg 1500 ND
4,4~-DDT ug/kg 300 ND
Endosulfan Sulfate ug/kg 1500 ND

Aroclor-1016 ug/kg 3000 ND
Aroclor-1221 ug/kg 3000 ND
Aroclor-1232 ug/kg 3000 ND
Aroclor-1242 ug/kg 3000 ND
Aroclor-1248 ug/kg 3000 ND
Aroclor-1254 ug/kg 3000 ND

Aroclor-1260 ug/kg 3000 ND
Nitrobenzene-d5 (Surrogate Recovery) 142~
2-Fluorobiphenyl (Surrogate Recovery) 158~
Terphenyl-dl4 (Surrogate Recovery) 192~
2-Fluorophenol (Surrogate Recovery) 0~

MDL Method Detection Limit
ND Not detected at or above the MDL.

472

11.Digital Drive ~ Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity emp/oyer

C--071 589
C-071101.490



Offices:
i~1 �I~’® REPORT OF LABORATORY ANALYSIS ~mpa,Minneap°liS’FIoridaMinnes°ta

I b
Coralville, lowaa oratories,,,nc, .ova,o,
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page     5 PACE Project

Number: 400329500
Calif.DWR Central

PACE Sample Number: 733030 733040 733050
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0169 CQ 0170 CQ 0171

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Terphenyl-dl4 (Surrogate Recovery) 958 928 878
2-Fluorophenol (Surrogate Recovery) 848 72~ 818
Phenol-d5 (Surrogate Recovery) 73~ 668 748
2,4,6-Tribromophenol(Surrogate Recovery) 40~ 37~ 398
Date Extracted for GCMS Semi-volatiles 04/07/90 04/07/90 04/07/90

PESTICIDES AND PCB~S BY EPA 8080
alpha-BHG ug/kg 1.0 ND ND ND
beta-BHC ug/kg Io0 ND ND ND
gamma-BHC (Lindane) ug/kg 1.0 ND ND ND
delta-BHG ug/kg 1.0 ND ND ND
Heptachlor ug/kg 1.0 ND ND ND
Aldrin ug/kg 1.0 ND ND ND

Heptachlor Epoxide ug/kg 1.0 ND ND ND
Endosulfan I ug/kg 1.0 ND ND ND
4,4-DDE ug/kg 2.0 ND ND ND
Dieldrin ug/kg 2.0 ND ND ND
Endrin ug/kg 2.0 ND ND ND
Endosulfan II ug/kg 2.0 ND ND ND

4,4-DDD ug/kg 2.0 ND ND ND
Endrin Aldehyde ug/kg 2.0 ND ND ND
4,4-DDT ug/kg 2.0 ND ND ND
Endosulfan Sulfate ug/kg 2.0 ND ND ND
Aroclor-1016 ug/kg 70 ND ND ND
Arocloro1221 ug/kg 70 ND ND ND

Aroclor-1232 ug/kg 70 ND ND ND
Aroclor-1242 ug/kg 70 ND ND ND
Aroclor-1248 ug/kg 70 ND ND ND
Aroclor-1254 ug/kg 30 ND ND ND
Aroclor-1260 ug/kg 30 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

473
11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100

an equa! opportunity ernp/oyer

C--071 590
C-071101.491



Offices:
REPORT OF LABORATORY ANALYSIS            Minneapolis, Minnesota

®                                                                              Tampa, Florida
IC~bOF(~tO ties                              Coralville, Iowa

f l~C.                                                                    Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee                                   April 19, 1990
Page     6                                           PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                   733030      733040      733050
Date Collected:                                                   03/29/90 03/29/90 03/29/90
Date Received:                                                       03/29/90 03/29/90 03/29/90
Parameter                                      Units        MDL CQ 0169     CQ 0170     CQ 0171

ORGANIC ANALYSIS

PESTICIDES AND PCB’S BY EPA 8080
Chlordane                                         ug/kg       20      ND           ND           ND
Toxaphene                                           ug/kg        30      ND            ND            ND
Methoxychlor                                     ug/kg       20      ND           ND           ND
2,4,5,6-TCMX (Surrogate Recovery)                          1.0    142%         110%         131%
Date Extraction Started                                         04/07/90 04/06/90 04/07/90

TOTAL PETRO HYDROCARBONS EPA 9071/418.1
Total Petroleum Hydrocarbons, by IR       mg/kg wet 50      ND           ND           ND
Date Extracted (For LUFT O&G by IR)                             04/09/90 04/09/90 04/09/90

MDL Method Detection Limit
ND Not detected at or above the MDL.

474
11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100

an equal opportunity employer

C--071 591
C-071101.492



pQC!~

Offices:
REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota

® Tampa, Florida

laboratories Coralville, Iowa
~I~C. Novato, California

Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page    ii PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 CQ 0173 CQ 0174

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Phenol-d5 (Surrogate Recovery) 63~ 77~ 0~ (.)
2,4,6-Tribromophenol(Surrogate Recovery) 28% 43% 0% (,)
Date Extracted for GCMS Semi-volatiles 04/07/90 04/07/90 04/O7/90

PESTICIDES AND PCB’S BY EPA 8080
alpha-BHC ug/kg 1.0 ND ND ND
beta-BHC ug/kg 1.0 ND ND ND
gamma-BHC (Lindane) ug/kg 1.0 ND ND ND
delta-BHG ug/kg 1.0 ND ND ND
Heptachlor ug/kg 1.0 ND ND ND
Aldrin ug/kg 1.0 ND ND ND

Heptachlor Epoxide ug/kg 1.0 ND ND ND
Endosulfan I ug/kg 1.0 ND ND ND
4,4-DDE ug/kg 2.0 ND ND ND
Dieldrin ug/kg 2.0 ND ND ND
Endrin ug/kg 2.0 ND ND ND
Endosulfan II ug/kg 2.0 ND ND ND

4,4-DDD ug/kg 2.0 ND ND ND=

Endrin Aldehyde ug/kg 2.0 ND ND ND

4,4-DDT ug/kg 2.0 ND ND ND
Endosulfan Sulfate ug/kg 2.0 ND ND ND
Aroclor-lOl6 ug/kg 70 ND ND ND
Aroclor-1221 ug/kg 70 ND ND ND

Aroclor-1232 ug/kg 70 ND ND ND
Aroclor-1242 ug/kg 70 ND ND ND
Aroclor-1248 ug/kg 70 ND ND ND
Aroclor-1254 ug/kg 30 ND ND ND
Aroclor-1260 ug/kg 30 ND ND ND
Chlordane ug/kg 20 ND ND ND

Toxaphene ug/kg 30 ND ND ND

(*) Acid surrogate/phenolics were not added to the sample,
MDL Method Detection Limit
ND Not detected at or above the MDL.

475

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equa/ opportunity emp/oyer

C--071 592
C-071101.493



Offices:

pQC~®
REPORT OF LABORATORY ANALYS IS

Tampa,Minneap°liS’FloridaMinnes°ta

b FcIt(~)
Coralville, Iowaa o ries, Inc. Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page    12 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 CQ 0173 CQ 0174

ORGANIC ANALYSIS

PESTICIDES AND PCB’S BY EPA 8080
Methoxychlor ug/kg 20 ND ND ND
2,4,5,6-TCMX (Surrogate Recovery) 1.0 121% 114% 124%
Date Extraction Started 04/07/90 04/07/90 04/07/90

TOTAL PETRO HYDROCARBONS EPA 9071/418.1
Total Petroleum Hydrocarbons, by IR mg/kg wet 50 ND ND ND
Date Extracted (For LUFT O&G by IR) 04/09/90 04/09/90 04/09/90

MDL Method Detection Limit
ND Not detected at or above the MDL.

476

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equa/ opportunity emp/oyer

C--071 593
C-071101.494



Offices:
pQCt~~ REPORT OF LABORATORY ANALYSIS ~mpa,Minneap°liS’FloridaMinnes°ta

I b
Coralville, lowaa oratories,,nc. .ova,o. Oa,,foro,a
Leawood, Kansas
Iwine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page 17 PAGE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733090
Date Collected: 03/29/90
Date Received: 03/29/90
Parameter Uni__t~ MDL__ CQ 0175

OR@ANICANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Phenol-d5 (Surrogate Recovery) 0~
2,4,6-Tribromophenol(Surrogate Recovery) O~
Date Extracted for GCMS Semi-volatiles 04/07/90

PESTICIDES AND PCB’S BY EPA 8080
alpha-BHC ug/kg 1.0 ND
beta-BHC ug/kg 1.0 ND
gamma-BHC (Lindane) ug/kg 1.0 ND
delta-BHC ug/kg 1.0 ND
Heptachlor ug/kg 1.0 ND
Aldrin ug/kg 1.0 ND

Heptachlor Epoxide ug/kg 1.0 ND
Endosulfan I ug/kg 1.0 ND
4,4-DDE ug/kg 2.0 ND
Dieldrin ug/kg 2.0 ND
Endrin ug/kg 2.0 ND
Endosulfan II ug/kg 2.0 ND

4,4oDDD ug/kg 2.0 ND
Endrin Aldehyde ug/kg 2.0 ND
4,4-DDT ug/kg 2.0 ND
Endosulfan Sulfate ug/kg 2.0 ND
Aroclor-1016 ug/kg 70 ND
Aroclor-1221 ug/kg 70 ND

Aroclor-1232 ug/kg 70 ND
Aroclor-1242 ug/kg 70 ND
Aroclor-1248 ug/kg 70 ND
Arocloro1254 Ug/kg 30 ND
Aroclor-1260 ug/kg 30 ND
Chlordane ug/kg 20 ND

Toxaphene ug/kg 30 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

4??

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 594
C-071101.495



REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota
® ~mpa, Florida

I b
Cora,ville, lowaa oratories,,nc. Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April.19, 1990
Page    18 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733090
Date Collected: 03/29/90
Date Received: 03/29/90
Parameter Units MDL CQ 0175

ORGANIC ANALYSIS

PESTICIDES AND PCB’S BY EPA 8080
Methoxychlor ug/kg 20 ND
2,4,5,6-TCMX (Surrogate Recovery) 1.0 119%
Date Extraction Started 04/07/90

TOTAL PETRO HYDROCARBONS EPA 9071/418.1
Total Petroleum Hydrocarbons, by IR mg/kg wet 50 ND
Date Extracted (For LUFT O&G by IR) 04/09/90

MDL Method Detection Limit
ND Not detected at or above the MDL.

478

11 Digital Drive ~ Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 595
C-071101.496



pace REPORT OF LABORATORY ANALYSIS Minneapolis, Minnesota
® Tampa, Florida

Coralville, IowaI(]borc tories, ,nc. Novato, California
Leawood, Kansas
Irvine, Cali~rnia
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page    19 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733100 733110 733120
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

CAM EXT. CAM EXT. CAM EXT.
Parameter Units MDL CQ 0169 CQ 0170 CQ 0171

INORGANIC ANALYSIS

CAM METALS, IN WATER
Antimony (EPA Method 6010/200.7) mg/L 0.06 ND ND ND
Arsenic (EPA Method 7060, Furnace AAS) mg/L 0.005 0.038 0.088 ND
Barium (EPA 6010, ICP) .mg/L 0.01 5.1 4.8 1.2
Beryllium (EPA Method 6010/200.7, ICP) mg/L 0.01 ND ND ND
Cadmium (EPA 6010/200.7, ICP) mg/L 0.005 ND ND ND
Chromium (EPA 6010/200.7) mg/L 0.01 0.36 0.31 0.04

Cobalt (EPA 6010/200.7, ICP) mg/L 0.01 0.34 0.30 0.09
Copper mg/L 0.01 0.06 0.02 0.I0
Lead mg/L 0.i 0.2 ND ND
Mercury (EPA Method 7470, Cold Vapor AA) mg/L 0.0002 ND ND ND
Molybdenum mg/L 0.02 ND ND ND
Nickel mg/L 0.02 0.59 0.48 0.Ii

Selenium (EPA Method 7740, Furnace AAS) mg/L 0.005 ND ND ND
Silver (EPA 6010, ICP) mg/L 0.01 ND ND ND
Thallium mg/L 0.2 ND ND ND
Vanadium mg/L 0.01 0.88 0.81 0.13
Zinc (EPA Method 6010/200.7, ICP-AES) mg/L 0.01 2.2 2.4 1.5

MDL Method Detection Limit
ND Not detected at or above the MDL.

479

11 Digital.Drive ~ Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 596
C-071101.497



Offices:               .RE PO aT OF LABORATORY ANALYSIS                                                                              Tampa,Minneap°liS’FIoridaMinnes°ta

Coralville, Iowa
IUU£_)I Ul£..)|l~, IAC.                                   Novato, California

Leawood, Kansas
Irvine, Cali~rnia
Asheboro, North Carolina

Mr. Bruce Agee                                   April 19, 1990
Page    20                                           PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                   733130      733140      733150
Date Collected:                                                     03/29/90 03/29/90 03/29/90
Date Received:                                                    03/29/90 03/29/90 03/29/90

CAM EXT.    CAM EXT.    CAM EXT.
Parameter                                      Units        MDL CQ 0172     CQ 0173     CQ 0174

INORGANIC ANALYSIS

CAM METALS, IN WATER
Antimony (EPA Method 6010/200.7)          mg/L        0.06 ND          ND          ND
Arsenic (EPA Method 7060, Furnace AAS)    mg/L         0.005 0.038       ND           ND
Barium (EPA 6010, ICP)                      mg/L        0.01 4.4         4.3         3.9
Beryllium (EPA Method 6010/200.7, ICP) mg/L       0.01 ND          ND          ND
Cadmium (EPA 6010/200.7, ICP)            mg/L       0.005 ND         ND         ND
Chromium (EPA 6010/200.7)                    mg/L         0.01    0.40         0.28         0.28

Cobalt (EPA 6010/200.7, ICP)              mg/L       0.01 0.39        0.40       0.44
Copper                                            mg/L         0.01 ND           0.03         0.23
Lead                                               mg/L         0.I     0.I          0.2          0.2
Mercury (EPA Method 7470, Cold Vapor AA) mg/L         0.0002 ND           ND           ND
Molybdenum                                     mg/L        0.02 ND           ND           ND
Nickel                                            mg/L         0.02    0.66         0.67         0.75

Selenium (EPA Method 7740, Furnace AAS) mg/L         0.005 ND           ND           ND
Silver (EPA 6010, ICP)                       mg/L        0.01 ND           ND           ND
Thallium                                        mg/L        0.2     ND           ND           ND

Vanadium                                          mg/L         0.01    0.75         0.52         0.52
Zinc (EPA Method 6010/200.7, ICP-AES)    mg/L       0.01 2.7        3.1        2.5

MDL Method Detection Limit
ND Not detected at or above the MDL.

48O

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equal opportunity employer

C--071 597
C-071101.498



Offices:
pQCt~ REPORT OF LABORATORY ANALYSIS ~mpa, FloridaMinneap°lis’ Minnesota

I b
Coralville, lowa.Q orotories, I~C. Novato, California
~awood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee April 19, 1990
Page    21 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733160
Date Collected: 03/29/90
Date Received: 03/29/90

CAM EXT.
Parameter Units MDL CQ 0175

INORGANIC ANALYSIS

CAM METALS, IN WATER
Antimony (EPA Method 6010/200.7) mg/L 0.06 ND
Arsenic (EPA Method 7060, Furnace AAS) mg/L 0.005 0.050
Barium (EPA 6010, ICP) mg/L 0.01 4.1
Beryllium (EPA Method 6010/200.7, ICP) mg/L 0.01 ND
Cadmium (EPA 6010/200.7, ICP) mg/L 0.005 ND
Chromium (EPA 6010/200.7) mg/L 0.01 0.31

Cobalt (EPA 6010/200.7, ICP) mg/L 0 01 0.37
Copper mg/L 0 01 0.23
Lead mg/L 0 1 0.i
Mercury (EPA Method 7470, Cold Vapor AA) mg/L 0 0002 ND
Molybdenum mg/L 0 02 ND
Nickel mg/L 0 02 0.57

Selenium (EPA Method 7740, Furnace AAS) mg/L 0.005 ND
Silver (EPA 6010, ICP) mg/L 0.01 ND
Thallium mg/L 0.2 ND
Vanadium

~
mg/L 0.01 0.62

Zinc (EPA Method 6010/200:7, ICP-AES) mg/L 0.01 2.8

MDL Method Detection Limit
ND Not detected at or above the MDL.

481

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
an equa/ opportunity emp/oyer

C--071 598
C-071101.499



Offices:
pQC~® RE PORT OF LABORATORY ANALYSIS ~mpa,Minneap°liS’FIoridaMinnes°ta

Ib Coralville, lowaa oratories, inc Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Department of Water Resources, Central April 19, 1990
3251 S. Street PACE Project
Sacramento, CA 95816 Number: 400329500

Attn: Mr. Bruce Agee

Calif. DWR Central

PACE Sample Number: 733030 733040 733050
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0169 CQ 0170 CQ 0171

INORGANIC ANAL¥S~S

CAM METALS, TOTAL CONCENTRATIONS

Antimony mg/kg wet I0 ND ND ND
Arsenic (EPA 7060, Graphite Furnace AAS) mg/kg wet i0 ND ND ND
Barium (EPA 6010, ICP) mg/kg wet i 94 88 34
Beryllium (EPA 6010, ICP) mg/kg wet i ND ND ND
Cadmium (EPA 6010, ICP) mg/kg wet i ND ND ND
Chromium (EPA 6010) mg/kg wet i 31 30 6.5

Cobalt (EPA 6010, ICP) mg/kg wet i 8.3 8.7 4.4
Copper (EPA 6010, ICP) mg/kg wet i 30 30 5.8
Lead mg/kg wet i0 ND ND ND
Mercury (EPA Method 7471) mg/kg wet 0.02 0.14 0.46 37
Molybdenum mg/kg wet 2 ND ND ND
Nickel mg/kg wet 2 32 28 4.9

Selenium mg/kg wet i0 21 14 ND
Silver (EPA 6010, ICP) mg/kg wet i ND ND ND ~
Thallium mg/kg wet 20 ~ ND ND ND
Vanadium mg/kg wet i 30 28 12
Zinc mg/kg wet i 70 73 69

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
N-Nitrosodimethylamine ug/kg 300 ND ND ND
Aniline ug/kg 300 ND ND ND
Bis(2-chloroethyl) ether ug/kg 300 ND ND ND
1,3-Dichlorobenzene ug/kg 300 ND ND ND
Benzyl Alcohol ug/kg 300 ND ND ND
1,4-Dichlorobenzene ug/kg 300 ND ND ND

1,2-Dichlorobenzene ug/kg 300 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

482

11 ,Digital Drive [] Novato, CA 94949 I-I Phone (415) 883-6100
an equa/ opportunity emp/oyer

C--071 599
C-071101.500



Offices:
pQCl~. REPORT OF LABORATO BY ANALYSIS ~mpa,Minneap°liS’FIoridaMinnes°ta

’1 b
Coralville, lowa

C~ OrC~t(~ri(~s, i~c. Novato, California
~awood, Kansas
Irvine, California
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Mr. Bruce Agee April 19, 1990
Page     7 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733060 733070 733080
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90
Parameter Units MDL CQ 0172 CQ 0173 CQ 0174

INORGANIC ANALYSIS

CAM METALS, TOTAL CONCENTRATIONS
Antimony mg/kg wet i0 ND ND ND
Arsenic (EPA 7060, Graphite Furnace AAS) mg/kg wet i0 ND ND ND

Barium (EPA 6010, ICP) mg/kg wet i 80 81 92
Beryllium (EPA 6010, IGP) mg/kg wet 1 ND ND ND
Cadmium (EPA 6010, ICP) mg/kg wet 1 ND ND ND
Chromium (EPA 6010) mg/kg wet 1 37 32 46

Cobalt (EPA 6010, IGP) mg/kg wet 1 8.8 9.8 ii
Copper (EPA 6010, ICP) mg/kg wet 1 38 31 32
Lead mg/kg wet i0 ND ND ND
Mercury (EPA Method 7471) mg/kg wet 0.02 7.6 34 30
Molybdenum mg/kg wet 2 ND ND ND
Nickel mg/kg wet 2 39 38 46

Selenium mg/kg wet i0 20 18 14
Silver (EPA 6010, ICP) mg/kg wet 1 ND ND ND
Thallium mg/kg wet 20 ND ND ND
Vanadium mg/kg wet 1 30 28 37
Zinc mg/kg wet 1 30 92 82

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
N-Nitrosodimethylamine ug/kg 300 ND ND ND (*)
Aniline ug/kg 300 ND ND ND

Bis(2-chloroethyl) ether ug/kg 300 ND ND ND
1,3-Dichlorobenzene ug/kg 300 ND ND ND
Benzyl Alcohol ug/kg 300 ND ND ND
1,4-Dichlorobenzene ug/kg 300 ND ND ND

1,2-Dichlorobenzene ug/kg 300 ND ND ND
Bis(2-chloroisopropyl) ether ug/kg 300 ND ND ND

N-Nitrosodipropylamine ug/kg 300 ND ND ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Leawood, Kansas
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Page    13 PACE Projeet

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733090
Date Collected: 03/29/90
Date Received: 03/29/90
Parameter Units MDL CQ 0175

INORGANIC ANALYSIS

CAM METALS, TOTAL CONCENTRATIONS
Antimony mg/kg wet i0 ND
Arsenic (EPA 7060, Graphite Furnace AAS) mg/kg wet i0 ND
Barium (EPA 6010,.ICP) mg/kg wet 1 88
Beryllium (EPA 6010, ICP) mg/kg wet 1 ND
Cadmium (EPA 6010, ICP) omg/kg wet 1 ND
Chromium (EPA 6010) mg/kg wet 1 39

Cobalt (EPA 6010, ICP) mg/kg wet 1 i0
Copper (EPA 6010, ICP) mg/kg wet 1 40
Lead mg/kg wet I0 ND
Mercury (EPA Method 7471) mg/kg wet. 0.02 0.15
Molybdenum mg/kg wet 2 ND
Nickel mg/kg wet 2 40

Selenium mg/kg wet i0 17
Silver (EPA 6010, ICP) mg/kg wet 1 ND
Thallium mg/kg wet 20 ND
Vanadium mg/kg wet 1 33
Zinc mg/kg wet 1 84

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)~

N-Nitrosodimethylamine ug/kg 300 ND (*)
Aniline ug/kg 300 ND
Bis(2-chloroethyl) ether ug/kg 300 ND
1,3-Dichlorobenzene ug/kg 300 ND
Benzyl Alcohol ug/kg 300 ND
1,4-Dichlorobenzene ug/kg 300 ND

1,2-Dichlorobenzene ug/kg 300 ND
Bis(2-chloroisopropyl) ether ug/kg 300 ND
N-Nitrosodipropylamine ug/kg 300 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Page    22 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733170 733180 733190
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

BATCH BATCH BATCH
METHOD REPLIC. MAT.SPIKE

Parameter Units MDL BLANK RPD RECOVERY

INORGANIC ANALYSIS

CAM METALS, TOTAL CONCENTRATIONS
Antimony mg/kg wet I0 ND O~ 31~
Arsenic (EPA 7060, Graphite Furnace AAS) mg/kg wet i0 ND 0~ i08~
Barium (EPA 6010, ICP) mg/kg wet i ND 3.2~ 99~
Beryllium (EPA 6010, ICP) mg/kg wet I ND 0~ 98~
Cadmium (EPA 6010, ICP) mg/kg wet I ND 0~ 95~
Chromium (EPA 6010) mg/kg wet i ND O~ i02~

Cobalt (EPA 6010, ICP) mg/kg wet I ND 2.4~ 92~
Copper (EPA 6010, ICP) mg/kg wet I ND 0~ 92~
Lead mg/kg wet i0 ND 0~ 94~
Mercury (EPA Method 7471) mg/kg wet 0.02 ND 6.4~ 121~
Molybdenum mg/kg wet 2 ND 0~ I04~
Nickel mg/kg wet 2 ND 9.8~ 93~

Selenium mg/kg wet .i0 ND 4.9~ 82~
Silver (EPA 6010, ICP) mg/kg wet I ND 0~ 93~
Thallium mg/kg wet 20 ND 0~ 98~
Vanadium mg/kg wet i ND 2.9~ 98~
Zinc mg/kg wet i ND 2.9~ 99~

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
N-Nitrosodimethylamine ug/kg 300 ND
Aniline ug/kg 300 ND
Bis(2-chloroethyl) ether ug/kg 300 ND
1,3-Dichlorobenzene ug/kg 300 ND
Benzyl Alcohol ug/kg 300 ND
1,4-Dichlorobenzene ug/kg 300 ND 0~ 79~

1,2-Dichlorobenzene ug/kg 300 ND -

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Offices:
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Irvine, California
Asheboro, North Carolina
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Page    23 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733170 733180 733190
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

BATCH BATCH BATCH
METHOD REPLiG. MAT.SPIKE

Parameter Units MDL BLANK RPD RECOVERY

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
Bis(2-chloroisopropyl) ether ug/k~ 300 ND
N-Nitrosodipropylamine ug/kg 300 ND -
Hexachloroethane ug/kg 300 ND
Nitrobenzene ug/kg 300 ND
Isophorone ug/kg 300 ND -
Bis(2-chloroethoxy)methane ug/kg 300 ND - -

1,2,4-Trichlorobenzene ug/kg 300 ND -
Naphthalene ug/kg 300 ND -
4-Chloroaniline ug/kg 300 ND -
Hexachlorobutadiene ug/kg 300 ND
2-Methylnaphthalene ug/kg 300 ND -
Hexachlorocyclopentadiene ug/kg 300 ND -

2-Chloronaphthalene ug/kg 300 ND -
2-Nitroaniline ug/kg 1500 ND
Dimethylphthalate ug/kg 300 ND -
Acenaphthylene ug/kg 300 ND -
2,6-Dinitrotoluene ug/kg 300 ND -
3-Nitroaniline ug/kg 1500 ND -

Acenaphthene ug/kg 300 ND 6~ 74~
Dibenzofuran ug/kg 300 ND -
2,4-Dinitrotoluene ug/kg 300 ND 53~ (*) 82~
Diethylphthalate ug/kg 300 ND - -
Fluorene ug/kg 300 ND -
4oNitroaniline ug/kg 1500 ND -

4-Chlorophenylphenylether ug/kg 300 ND - -
N-Nitrosodiphenylamine ug/kg 300 ND -
1,2-Diphenylhydrazine ug/kg 300 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Page    24 PACE Project

Number: 400329500
Calif.DWR Central

PACE Sample Number: 733170 733180 733190
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

BATCH BATCH BATCH
METHOD REPLIC. MAT.SPIKE

Parameter Units MDL BLANK RPD RECOVERY

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
4-Bromophenylphenylether ug/kg 300 ND
Hexachlorobenzene ug/kg 300 ND
Phenanthrene ug/kg 300 ND
Anthracene ug/kg 300 ND
Di-n-butylphthalate ug/kg 300 ND
Fluoranthene ug/kg 300 ND

Benzidine ug/kg 1500 ND
Pyrene ug/kg 300 ND i0~ 74~
Butylbenzylphthalate ug/kg 300 ND
Benzo(a)anthracene ug/kg 300 ND
3,3°-Dichlorobenzidine ug/kg 600 ND
Chrysene ug/kg 300 ND

Bis(2-ethylhexyl)phthalate ug/kg 300 ND
Di-n-octylphthalate ug/kg 300 ND

Benzo(b)fluoranthene ug/kg 300 ND
Benzo(k)fluoranthene ug/kg 300 ND

Benzo(a)pyrene ug/kg 300 ND
Ideno(l,2,3-cd)pyrene ug/kg 300 ND

Dibenzo(a,h)anthracene ug/kg 300 ND
Benzo(g,h,i)perylene ug/kg 300 ND
Phenol ug/kg 300 ND 12~ 81~
2-Chlorophenol Ug/kg 300 ND
2-Methylphenol ug/kg 300 ND
4-Methylphenol ug/kg 300 ND

2-Nitrophenol ug/kg 300 ND
2,4-Dimethylphenol ug/kg 300 ND
Benzoic Acid ug/kg 1500 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Number: 400329500
Calif. DWR Central

PACE Sample Number: 733170 733180 733190
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

BATCH BATCH BATCH
METHOD REPLIC. MAT.SPIKE

Parameter Units MDL BLANK RPD RECOVERY

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
2,4-Dichlorophenol ug/kg 300 ND -
4-Chloro-3-methylphenol ug/kg 300 ND 15~ 81~
2,4,6-Triehlorophenol ug/kg 300 ND -
2,4,5-Trichlorophenol ug/kg 300 ND
2,4-Dinitrophenol ug/kg 1500 ND -
4-Nitrophenol ug/kg 1500 ND 67~ 14~

2-Methyl-4,6-dinitrophenol ug/kg 1500 ND
Pentachlorophenol ug/kg 300 ND 15~ 56~
alpha-BHC ug/kg 300 ND
beta-BHC ug/kg 300 ND
gamma-BHC ug/kg 300 ND
delta-BHC ug/kg 300 ND

Heptachlor ug/kg 300 ND
Aldrin ug/kg 300 ND
Heptachlor Epoxide ug/kg 300 ND -
Endosulfan I ug/kg 300 ND
4,4~-DDE ug/kg 1500 ND
Dieldrin ug/kg 300 ND

Endrin ug/kg 300 ND
Endosulfan II ug/kg 300 ND
4,4~-DDD ug/kg 300 ND
Endrin Aldehyde ug/kg 1500 ND
4,4’-DDT ug/kg 300 ND
Endosulfan Sulfate ug/kg 1500 ND

Aroclor-1016 ug/kg 3000 ND
Aroelor-1221 ug/kg 3000 ND
Aroclor-1232 ug/kg 3000 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.
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Page    26                                           PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number:                                                 733170      733180      733190
Date Collected:                                                   03/29/90 03/29/90 03/29/90
Date Received:                                                        03/29/90    03/29/90    03/29/90

BATCH       .BATCH       BATCH
METHOD       REPLIC.      MAT.SPIKE

Parameter                                           Units         MDL    BLANK        RPD           RECOVERY

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/~S)
Aroolor-1242                                   ugikg       3000 ND

Arocloro1248                                     ug/kg       3000    ND
Arocloro1254                                     ug/kg       3000    ND
Aroclor-1260                                   ug/kg       3000 ND
Nitrobenzene-d5 (Surrogate Recovery)                               84~           7~            77~
2-Fluorobiphenyl (Surrogate Recovery)                            84~          12~          72~

Terphenyl-dl4 (Surrogate Recovery)                                92~          36~          91~
2-Fluorophenol (Surrogate Recovery)                               86~          Ii~          90~
Phenol-d5 (Surrogate Recovery)                                       86~           i0~           81~"
2,4,6-Tribromophenol(Surrogate Recovery)                        44~          0~           44~
Date Extracted for GCMS Semi-volatiles                           04/07/90

PESTICIDES AND PCB°S BY EPA 8080

alpha-BHC                                         ug/kg         1.0    ND                          -
beta-BHG                                          ug/kg         1.0    ND
gamma-BHC (Lindane)                           ug/kg        1.0 ND           13.5~(*)    I18~
delta-BHC                                     ug/kg        1.0 ND
Heptachlor                                     ug/kg        Io0 ND           12.0~       159~
Aldrin                                      ug/kg       1.0 ND          24.7~      141~

Heptachlor Epoxide                             ug/kg         1.0    ND
Endosulfan I                                     ug/kg         1.0 ND
4,4-DDE                                   ug/kg       2.0 ND
Dieldrin                                        ug/kg        2.0 ND
Endrin                                          ug/kg        2.0 ND           33.0~       48~
Endosulfan II                                  ug/kg       2.0 ND

4,4-DDD                                  ug/kg       2.0 ND
Endrin Aldehyde                               ug/kg        2.0 ND
4,4-DDT                                  ug/kg       2.0 ND

MDL Method Detection Limit
ND Not detected at or above the MDL.

11 Digital Drive [] Novato, CA 94949 [] Phone (415) 883-6100
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Page    27 PACE Project

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733170 733180 733190
Date Collected: 03/29/90 03/29/90 03/29/90
Date Received: 03/29/90 03/29/90 03/29/90

BATCH BATCH BATCH
METHOD REPLIC. MAT.SPIKE

Parameter Units MDL BLANK RPD RECOVERY

ORGANIC ANALYSIS

PESTICIDES AND PCB~S BY EPA 8080
Endosulfan Sulfate ug/kg 2.0 ND -
Aroclor-1016 ug/kg 70 ND -
Aroclor~1221 ug/kg 70 ND
Aroclor-1232 ug/kg 70 ND -
Aroclor-1242 ug/kg 70 ND -
Aroclor-1248 ug/kg 70 ND -

Aroclor-1254 ug/kg 30 ND -
Aroclor-1260 ug/kg 30 ND - -
Ch!ordane ug/kg 20 ND
Toxaphene ug/kg 30 ND
Methoxychlor ug/kg 20 ND - -
2,4,5,6~TCMX (Surrogate Recovery). 1.0 121~ 20.4~ iI0~

Date Extraction Started 04/07/90 - -

TOTAL PETRO HYDROCARBONS EPA 9071/418.1
Total Petroleum Hydrocarbons, by IR mg/kg wet 50 ND io3~ I15~
Date Extracted (For LUFT O&G by IR) 04/09/90 04/09/90 04/09/90

MDL Method. Detection Limit
ND Not detected at or above the MDL.
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Page    28 PACE Proj ect

Number: 400329500
Calif. DWR Central

PACE Sample Number: 733200
Date Collected: 03/29/90
Date Received: 03/29/90

QC BATCH
Parameter Units MDL NUMBER

INORGANI C ANALYS I S

CAM METALS, TOTAL CONCENTRATIONS
Antimony mg/kg wet i0 NI500/MSI6
Arsenic (EPA 7060, Graphite Furnace AAS) mg/kg wet i0 N2539/MSI5
Barium (EPA 6010, ICP) mg/kg wet i NI500/MSI6
Beryllium (EPA 6010, ICP) mg/kg.wet I ....
Cadmium (EPA 6010, ICP) mg/kg wet i ....
Chromium (EPA 6010) mg/kg ~et i ....

Cobalt (EPA 6010, ICP) mg/kg wet I ....
Copper (EPA 6010, ICP) mg/kg wet i "    "
Lead mg/kg wet i0
Mercury (EPA Method 7471) mg/kg wet 0.02 N5120/MI21
Molybdenum mg/kg wet 2 NI500/MSI6
Nickel mg/kg wet 2

Selenium mg/kg wet i0 N2538/M815
Silver (EPA 6010, ICP) mg/kg wet i NI500/M816
Thallium mg/kg wet 20 ....
Vanadium mg/kg wet 1 ....
Zinc mg/kg wet 1 ....

ORGANIC ANALYSIS

EXTRACTABLE ORGANICS BY EPA 8270 (GC/MS)
N-Nitrosodimethylamine ug/kg 300 Z2032/P650
Date Extracted for GCMS Semi-volatiles P818

PESTICIDES AND PGB~S BY EPA 8080
2,4,5,6-TCMX (Surrogate Recovery) 1.0 E2051/PSI9
Date Extraction Started P819

TOTAL PETRO HYDROCARBONS EPA 9071/418.1
Total Petroleum Hydrocarbons, by IR mg/kg wet 50 P820/P-IRV
Date Extracted (For LUFT O&G by IR) P820

MDL       Method Detection Limit
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¯Offices:
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I1o Coralville, lowaorc tories, InC.                                                   Novato, California
Leawood, Kansas
Irvine, California
Asheboro, North Carolina

Mr. Bruce Agee                                     April 19, 1990

Page 29                                         PACE Project
Number: 400329500

Calif. DWR Central

PACE Sample Number:                                                   735080      735090      735100
Date Collected:                                                     03/29/90 03/29/90 03/29/90
Date Received:                                                       03/29~90 03/29/90 03/29/90

CAM MATRIX CAM MATRIX
Parameter                                         Units         MDL CAM BLANK DUPLICATE SPIKE

INORGANIC ANALYSIS

CAM METALS, IN WATER
Antimony (EPA Method 6010/200.7)          mg/L        0.06 ND          O~          II0~

Arsenic (EPA Method 7060, Furnace AAS)    mg/L         0.005 ND           0~           76~
Barium (EPA 6010, IGP)                      mg/L        0.01 ND          0~          ii0~
Beryllium (EPA Method 6010/200.7, ICP) mg/L       0.01 ND          0~          94~
Cadmium (EPA 6010/200.7, ICP)            mg/L       0.005 ND         0~         i00~
Chromium (EPA 6010/200.7)                 mg/L       0.01 0.01       O~          98~

Cobalt (EPA 6010/200.7, ICP)            mg/L      0.01 ND        5.7~       96~
Copper                                        mg/L        0.01 ND          0~          92~
Lead                                               mg/L         0.I     ND           35~*         90~
Mercury (EPA Method 7470’, Gold Vapor AA) mg/L        0.0002 ND           0~           I02~

Molybdenum                                     mg/L        0.02 ND           0~           I13~
Nickel                                      mg/L       0.02 0.04        1.7~        96~

Selenium (EPA Method 7740, Furnace AAS) mg/L        0.005 ND           0~           61~
Silver (EPA 6010, ICP)                    mg/L       0.01 ND         O~         91~
Thallium                                    mg/L       0.2    ND          0~          78~
Vanadium                                        mg/L        0.01 ND           0~           97~
Zinc (EPA Method 6010/200.7, ICP-AES)    mg/L       0.01 0.02       4.6~        i00~

MDL Method Detection Limit
ND Not detected at or above the MDL.

The data contained in this report were obtained using EPA or other
approved methodologies. All analyses were performed by me or under
my supervision.

Step1~en F. Nackord      --
Director, Sampling and Analytical Services
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STATE OF CALIFORNIA                            DIVISION OF DESIGN AND CONSTRUCTION
RESOURCES AGENCY                                                        DESIGN OFFICE

DEPARTMENT OF WATER RESOURCES                 CIVIL DESIGN BRANCH

SOILS AND CONCRETE LABORATORY

REPORT NO o 90-11

SEDIMENT SAMPLING
NORTH DELTA

APRZL 6, 1990
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Stateo~Ca|ifornia, The ResourcesAge,

Memorandum

Date : April 6, 1990

To    : Bruce Agee :
Central District ~

Michael" W. Driller
Soils & Concrete Laboratory

From : Departmentof Water Resources

Subject:      Soil Test Request 90-11, Sediment Study, North Delta EIR

Attached are the results of testing performed under Soil Test Request
No. 90-11, "Sediment Study - North Delta."     Samples were received with
the request on March 29, 1990.

Testing consisted of hydrometer and mechanical particle size analysis
and organic content tests on seven (7) liter-size plastic jar samples
obtained on March 28, 1990.

Organic Content
Organic content was determined by ASTM Test Designation D2974-84,
"Moisture, Ash and Organic Matter of Peat Materials." Results are
listed on the attached summary sheet.

Hydrometer and Mechanical Particle-Size Analysis
Hydrometer and mechanical particle size analyses were performed
according to ASTM Test Designation D 422, "Particle-Size Analysis of
Soils." The No. 4 sieve was used to separate material for testing.
Results are listed on the attached summary sheet and gradation plot.

Attachments
Classification Test Summary
Gradation Plot
Soil Test Request

co: Ralph Torres -7 ?
West Sacramento Soils and Concrete Lab

494

C--071 611
C-071101.512



STATE OF CALIFORNIA DIVISION OF DESIGN AND CONSTRUCTION
0

THE RESOURCES AGENCY DESIGN OFFICE

DEPARTMENT OF WATER RESOURCES                   CLASSIFICATION TEST SUMMARY                                 ciVIL DESIGN BRANCH

PROJECT Central Distict SHEET NO.

FEATURE Sediment Samptin9 - North Delta _I_ OF _I_

I     1     LOCATION I MECHANICAL ANALYSIS - % FINER IATTERBERGI I I
I LAB. I HOLE I F.S. I ELEV. OR I GRAVEL I SAND I SILT & CLAY I LIMITS I Ga I ~" I
I NO. I NO. I NO. I DEPTH 1 6" 1 3" 11.5"13/4"15/8"I 4 I B 1 16150 150 1100 1200 15M I 2M 11M IL.L.IP.I.I -#41 ORGI            COMMENTS

I 90-4461 CQ-I 0169 I I 1 I I I I I I 1100 198 154 134 I Z2 I I 19.51
I 4471 CQ’I 0170 I I 1 I I I II00 199199 1 99 I 9B 144 1 27t 171 I 19.71
I 44al Ca’l 0~7~ I I I I I I 1~0018~1Z81 S I ~ I ~ 1 0 I O I I 10.71
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THE RESOURCES AGENCY Nechanica] 4na]ysis 6paph DESIGN OFFICE
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SEDIMENT SAMPLING - NORTH DELTA
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(Date Plotted - 4/6/90)



State of CaJifornla DIVISION OF DESIGN AND CONSTRUCTION
The Resources Agency DESIGN OFFICE

DEPARTMENT OF WATER RESOURCES CIVIL DESIGN BRANCH

For Soils Lab Use
90-11

Request No.
TEST REQUEST                  3--29-90

Received

Est. Cost $

TO: SOILS AND CONCRETE LABORATORY Date 3-28-90

FROM: Central District                       Sediment Sampling North DeltaDivision or District Project

Branch Data Management Feature E.I.R.

Section
Water Quality Unit No. 6304

Work Order No.     1465-3031

Call Lab at 445-9912 for information on Sample Requirements and test procedures and requirements. Attach Form No. 1282 or
other sheets for sample identification. Conduct tests in accordance with the following instructions:

Organic Content (ASTM D2974-84)
Mechanical Analysis (ASTM D422)
Hydrometer Analysis (ASTM D422)

CQ-0169"
CO-0170
CO-0171
CQ-0172
CQ-0173
CQ-0174
CQ-0175

one liter container per lab number.

*Note CQ-0169 has only 1/2 liter
of sample.

April 4, 1990
Need Test Data By (give specific date; ASAP gets lowest priority)

Test Samples in Following Sequence

Disposition of Samples

Bruce Agee Central District 3-8897
Individual Requesting Services                                          h~ailing Address                                Telephone No,
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APPENDIX J
SEISMIC REPORT SUMMARY

No comprehensive study regarding seismic risk of leveesto be related to faults that are considered part of the San
and structures within the North Delta area has been per-Andreas fault system.
formed so far. However, a preliminary seismic risk analy-
sis of typical levees and structures in the South Delta, wasHistorical stability problems throughout the Delta indi-
done by Bureau of Reclamation in February, 1989. The.cate the significance of the seismic risk to levees at numer-
goal of that preliminary study was to provide a generalizedous locations. Poor construction techniques, inadequate
framework for assessing the seismic risk for typical water design and unfavorable foundation conditions have corn-
management facilities in the South Delta area. bined to create constant maintenance problems. The ad-

dition of seismic loads to structures of already marginal
stability are causes for concern.

The scope of that study was limited and did not include a
comprehensive review of data for any aspect of the study.All of the north Delta project alternatives include either

reinforcing of existing levees or construction of new le-

The first part of the an.alysis consisted of a probabilisticvees or a combination of both.

assessment which integrated all relevant earthquake
sources in the region, and yielded peak horizontal acceler-A potential cause of levee failure in the Delta that has not

been fully studied is liquefaction of the foundation due toation and velocity values for an exposure period of 10 0
years and a probability of non-exceedance of 0,9. Theearthquake. Liquefaction is a phenomenon whereby, dur-

maximum values computed were 0.18 g and 25,1 cm/sec,ing shaking from an earthquake, saturated sands lose

respectively. The second part of the analysis consisted ofstrength and flow like a liquid. Liquefaction potential de-

a geotechnical and failure probability analysis for two rep-pends on ground acceleration, material types and relative

resentative South Delta levees. Liquefaction potentialdensity. Other factors which can influence liquefaction
potential in the Delta include type and size of seismicwas analyzed with shear strength and SIT data from a

neighboring, similar site. Deformation and settlementwaves generated, duration and amplitude of ground shak-
ing, drainage conditions, and degree of saturation of le-analyses were also performed,
vees and foundation materials.

There have been many prior assessments of the seismicApart from foundation failure, earthquake shaking also
hazard and risk for various portions and facilities withinhas the potential to cause slope failures.
the Delta area. The scope of that preliminary study did
not permit a comprehensive review of all previous workThe big earthquake of October 17, 1989, known as the
on this subject. DWR (1980) reviewed potential seismicity"Loma Prieta earthquake" with a magnitude of 7.1 on the
hazards in the Delta region and recommended furtherRichter scale caused no apparent levee failures in the
studies and investigations. DWR (1982) examined theDelta which was approximately 60 miles from the epicen-
problems and feasibility of upgrading and rehabilitatingter. The seismograph at Clifton Court Forebay recorded
the levees in the Delta region. The McDonald Island Le- a maximum ground acceleration of 0.08g for that earth-
vee stability studies by Dames and Moore (1985) found atquake.
least a 50 percent chance of levee failure due to liquefac-
tion in the next 50 years for the levees they studied. New- Informations and reports from various sources indicate

march (1985) evaluated the potential for earthquake in-that there is significant risk of levee failure due to earth-

duced levee failures in the Delta and outlined potentialquake loads in the Delta. The Corps completed a prelimi-

future studies, nary report on liquefaction in the Delta titled "Sacramen-
to-San Joaquin Delta Liquefaction Potential" April 1987,
which also indicates the existence of failure potentials due

Principal sources of earthquakes in the region include theto an earthquake.
many late quaternary faults of the region such as the San
Andreas, Hayward, and Calaveras, as well as the more lo-Earthquake considerations are complex and earthquake
cal sources in the North Delta. Most of the probable seis- loadings will be considered during the project design pro-
micity which may affect the North Delta study area seem cess.
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APPENDIX K
ARCHAEOLOGICAL REPORT SUMMARY

To complete the Class I records survey of cultural resources, the North and Central California Information Centers (Sac-
ramento and San Joaquin counties) were contacted for information regarding archaeological, historical and cultural re-
sources in the project area. Confidential reports issued by representatives of these organizations indicate that only one
site of significant archaeological, historical, or cultural value is within or located adjacent to the project site. This prehis-
toric site has been almost destroyed by farming activities (CSUS, 1989).

The reports stressed the need for a comprehensive survey of the project site to determine the full extent of unrecorded
archaeological or historical cultural resources.

DWR is contracting with the U.S. Bureau of Reclamation for an intensive Class II prehistoric and historic cultural re-
sources survey and evaluation of areas that may be affected by the North Delta Program. The study is required by federal
law and will result in a report which identifies and evaluates cultural resources in the region.

Although the archeological survey and its sites are confidential, certain information regarding the reports mentioned
above will be made available to the public on request.
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APPENDIX L
RECREATION REPORT SUMMARY

PURPOSE AND SCOPE

The purpose of this recreation plan is to analyze any effects which may be
associated with proposed water development modifications. Documents
were researched to, determine the capacity of current North Delta
recreational facilities and to help in the determination of
recommendations relating to size and location as well as alternative
developments required to meet existing and projected future demand.

RECREATIONAL VISITATION AND USE

The Delta has supported about 12 million recreation days annually since
1977. A 1980 California Department of Water Resources survey indicated
that morethan 75 percent of the Delta recreationists use the portion of
the Delta west of Old River and northwest of the Mokelumne River: The
major activities in order of usage include fishing, boating, water-skiing,
hunting, and enjoyment of various scenic and photographic opportunities.
The North Delta area, which contains roughly one-third of the Delta land,
is estimated to receive 35 percent of the total Delta ’recreational use.

POPULATION

Results of the most recent field surveys, which were conducted in June
1977 through April 1979, indicated that most Delta recreationists lived in
five counties within a 50-mile radius. The counties and their
representative percentages are:

Contra Costa 29.4
San Joaquin 1 6.7
Sacramento 16.0
Alameda 1 0.4
Solano 4.8
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Map 1 shows the percentage of recreationists coming from each of the 5
counties of the major market area and .the nearly 30 counties within the
secondary market area. Population growth is the major contributor to the
increased recreational demand. Higher incomes, increased numbers of
retirees, and shorter workweeks also contribute to increased demand.

Published reports indicate the 1980 California population was 23.75
million and 28 million in 1987. These reports reflect over an 18 percent
increase in the 7-year period. Population estimates and forecasts for the
five Delta counties contributing 77 percent of the recreationists
projected the following percentage increase between 1980 and 1990 ~

Contra Costa 1 7.0
San Joaquin 39.0
Sacramento 26.9
Alameda 1 5.0
Solano 24.0

Average 24.4

ACTIVITIES

As indicated by Table l, recreationists in the Delta enjoy a wide variety
of recreational activities. The table also exhibits the popularity of each of
these activities. Motorboating and fishing are the most popular activities
with over 47 percent participation each,, followed by relaxing, driving for
pleasure, and sightseeing which each receive over 30 percent
participation.
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Table 1 - Recreation Participation in Delta Activities

,Activity Percent Participation Percent Participation
By Individuals By Visitation

, Motorboating 47.6 15.2
Fishing 47.5 15.1
Relaxing 38.6 12.2
Driving for Pleasure 36.2 11.5
Sightseeing 33.1 10.5
iOvernight Camping 26.2 8.3
i Picnicking 22,9 7.3
Swimming 21,1 6.7
Water-skiing 14.7 4.7
Photography 10.1 3.2
Sailing 4.2 1.3
Bicycling ¯ 3.6 1.2
Canoe-Kayak-Rowing 2.5 0.8
Dirt Bike 2.5 0.8
Hunting 2.0 0.6
Snorkeling or Scuba 0.9 0.3
Flying 0.3
Total 100.0

PREVIOUS STUDIES

Numerous studies regarding recreation in the Delta have been made since
1976. Several studies, listed in the bibliography, were used as sources of
information and, in combination with field trips to the area, enabled
development of an understanding of the problems facing the North Delta
recreationists.

The primary sources of information were the following documents:

Sacramento-San Joaquin Delta Outdoor Recreation. Survey (E. Z.
Cajucom & Associates, March 1980)

Draft, Environmental Impact Statement-Sacramento/San Joaquin
California (Corps of Engineers, 1982)

General Plan for Brannan Island and Franks Tract State Recreation
Areas (University of California and EDAW, February 1988)

Delta Map and Guide-The Sacramento & San Joaquin Rivers (Schell’s
Books, (1989)
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PROBLEMS AND NEEDS

Interstate 5, the major highway between Sacramento and Stocktonl and
the east and west California highways 12 and 160 are the major, access
routes to the North Delta area. Many commercial recreational facilities in
the-Delta are clustered near a central location which enables ready
access to a majority of the waterways in the Deltai Recreational use of
the North Delta, as well as the remaining Delta area, is constrained by a
lack of publicly-owned land, public access, and relatively few public
facilities.

Competition for space occurs between participants in various recreational
activities because of large numbers of participants and a lack of
developed recreational areas. The Delta is regulated by many governing
bodies, (this includes state, county, city, and local groups) whose goals
and policies inherently conflict. These numerous conflicting control
policies and guidelines result in an increase in safety and trespass
problems. Most of the Delta land area is privately owned with ownership
of some levees and islands in question. In many cases, private holdings are
not delineated, resulting in unknowing trespass by recreationists.

The water surface acreage available for boating appears to be used by
recreationists to a point approaching .physical capacity. The heavy use
occurs on weekends and especially on holiday weekends. Heavy use reduces
the quality of experience and can jeopardize the safety of water
recreationists.

Local concerns were expressed about trespass, liability, vandalism, and
conflict with wildlife and existing agricultural uses. of Delta land if
recreation access is increased.

Establishment of a Delta recreation management agency is needed. Such an
agency would be able to effectively deal with trespass, liability,
vandalism, and user conflicts uniformly throughout the Delta region.
Public areas could be identified through the use of signs, colored Iogos
showing designated public areas, color-coded docking and launching
facilities, etc. Recreationists could be informed through brochures
disseminated by a management agency.
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Conflicting recreation uses with wildlife can be reduced through water
zoning which would eliminate motorboat encroachment on sensitive areas.
A management agency would need to enforce the zoning regulations.

Local concerns expressed support for controlled access for specific
recr.eation uses, compatible with existing uses, such as access for
birdwatching on Staten Island.

The concept for diversifying recreation opportunities in the Delta region,
including birdwatching, is advocated in both Reclamation recreation
studies for North and South Delta. Sensitive areas, such as refuges and
wetlands adjacent to and within the Delta area need to be identified and
zoned to protect the inherent resource qualities and reduce conflicts with
other uses. Recreation use is a potential conflict, especially with the¯
intrusion of motorized vehicles and boats. A Delta recreation management
agency could identify zones and enforce protective regulations for
sensitive wildlife areas. The key for controlled access lies with
establishing a Delta recreation management authority which could address
uniform recreation planning, development, operation, maintenance, and
law enforcement for the region.

SUPPLY

Facilities operated by a public agency (i.e., state, county, city, etc.) are
considered as public for this report. Commercial facilities are those
operated for profit by private entities or individuals. Amenities usually
found at both public and private (commercial) operations include: boat
launching ramps, restrooms, parking for vehicles and vehicles with boat
trailers, campsites, and picnic sites.

Public facilities currently in place are heavily used and do not meet the
demand. Several public developments are in the planning stage and others
have been proposed in the North Delta; however, regulatory approval,
funding, and operation and maintenance dilemmas have caused delays in
the proposed construction.

There are eight public facilities in the North Delta. Brannan Island State
Recreation Area is the largest with 225 acres, 6 launch ramps, and over
250’ camp and picnic sites. Records reflect capacity crowds during the
major recreation season (mid-May through mid-September) with numerous
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individuals being turned away. The remaining public areas are of limited
size and provide fewer facilities. Sacramento County operates 3 day-use
areas, ranging from 1 to 11 acres in size. Hogback Island (11 acres) is the
largest with 2 launch ramps, a guest dock, 13 picnic sites, 4 chemical
toilets, 55 paved parking spaces for vehicles, and 47 paved parking spaces
for vehicles with. boat trailers.

Yolo County operates a 4-acre day use area near Clarksburg and Solano
County operates a 10-acre facility for camping and picnicking in Rio Vista
(the launch ramp for this area was lost in the 1986 flood). The City of Rio
Vista operates a 3-acre area with a launch ramp, guest dock, restrooms
and a 25-vehicle paved parking area. Table 2 reflects the facilities
available at the public areas.

Table 2 - North Delta Public-Facilities

Name Facilities
Size Launch Guest Camp Picnic Rest- Parking

(acres) Ramps Docks Sites Sites rooms
Brannan Island State Rec. Area 225 6 X 126 130 X 576
Dept. of Parks & Recreation P & U

Clarksburg Fishing Access 4 1 4C U
Yolo County - Day Use Area

Cliff House Fishing Access 2 0 2C 28
Sacramento Co. - Day Use Area P

Georgiana Slough 1 0 2C P
Sacramento Co. - Day Use Area ,

)Hogback Island 11 2 X 13 4C 55P-V
iSacramento Co. - Day Use Area 47P-VT

Rio Vista Public Launch Ramp 3 1 X X 25-P
City of Rio Vista

Rio Vista Sandy Beach Park 10 42RV 10 X 150-P
:Solano County

Westgate Landing Park (5 A.dev) 20 0 X 14RV 15 X 55-P
San Joaquin County

TOTALS 276.1 10 182 143 936

KEY: C = Chemical RV = Recreational Vehicle
P = Paved VT = Vehicle and Trailer
LJ = Unpaved * = Lost in 1986 Flood
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There were numerous discrepancies between reference documents
regarding commercial facilities available in the Delta. The amount of land
and the facilities available are not clearly defined. Parking is the limiting
factor for access to the North Delta waterways and was used as the basis
for accessibility to water-related recreational activities for this
recreation plan. Fifteen percent was added to the reported commercial
parking spaces available to ensure against unreported parking and
calculations are based on the higher figure.

Parking at commercial and public facilities in the North Delta, according.
to available information, consists of 6,894 spaces for vehicles-alone and
199 spaces for vehicles with boat trailers. Applying a multiple of 4
persons per vehicle and 3 persons per vehicle with boat trailer, the
existing parking will accommodate 27,576 + 597 or 28,173 people per day.
Addition of a 15 percent increment to account for parking areas where the
s~ze is not indicated or facilities were recently constructed results in an
estimated capacity of 32,399 people. Parking which occurs outside
regularly designated parking areas has not been included in this report.

The North Delta has a total of 47 commercial facilities which consist of
marinas, boat harbors, resorts, recreational vehicle parks, and several
sites of interest. These commercial establishments range from 2-having
only guest docks to 1 having 396 campsites, 6 launch lanes, nearly 200
berths, a 500-vehicle capacity paved parking area, rental houseboats and
fishing boats, and boat and engine repair facilities. It is assumed that the
information concerning existing facilities is complete.. Tables 3 and 4
reflect the services available at each commercial facility.

The recreation demand for the North Delta is assumed to be 35 percent of
the Delta demand and is separated from the total Delta demand for
purposes of this study. The demand section explores the. resident and
non-resident general recreation demands and interprets the application of
the demand studies.
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Table 3 - North Delta Boat Rental & Services

RESORTS AND RENTALS SERVICE
HARBORS House Fishing Launch . Boat Dry Boat Pump

Boats Boats Lanes Repair Docks Lift Out
B & W Resort 3
Boathouse, The X X : X X
Bruno’s Is. Y.H. - X
Collinsville Resort X 1
Courtland Docks X 1
Deckhand Supply X X
Delta Country HBoat X X 1
Delta Marina Y.H. 1 X X X X
Eddo’s Harbor X 1 E
Island Marina 1
Kanes Marina X
Ko-Ket Resort
Korth’s Pirate Lair X 1
Lighthouse Resort . 1 X X
Moore’s Riverboat X X
Munyer’s Is. Marine X X
New Hope Landing X- X 1 X
Ox Bow Marina 1 ’ E X
Perry’s Boat Harbor X X X
Rancho Marina X X X
Rio Vista Sandy Bch 2
Snug Harbor 1
Steamboaters X E
Tower Park Marina X X X X X X
Vieira’s Resort X 2 X
Walnut Grove Marine (Same as Delta Cou~ltry Houseboats)
Wimpy’s Marina 2

KEY: E = Engine repair only
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Table 4 - North Delta Commercial Facilities Availability

RESORTS AND Camp Picnic Elec Water Rest- Guest Berths Parking Space
HARBORS Sites Sites room Docks Covered Open Paved Unpaved

Andreas Cove X 24 38
B & W Resort X X 70 36 4 A
Boathouse, The C 150
Bruno’s Island Y.H. 4 C C 9 A
Cliff House X X 5 5. 25
Collinsville Resort 30 X X 2 5 X

; Courtland Docks X X 30 32

i Cruiser Haven X X 300 3 A
,. Deckhand Supply X X
~ Delta Marina Y.H. 25 2 C X X X X 200 50 275

Duck Island R.V. Park 51
Eddo’s Harbor X 15 X X 100
Ernie’s X 30
Giusti’s X X 40 20
Golden Gate Resort 40T 12 X X 3
Grand Island Inn X X
Grand Is. Mansion X
Happy Harbor X X 8 20 50
Herman & Helen’s 15CAF 2 X X 175 2 50

~ Holiday Flotels - 41 X
Ice Chest, The X X
Island Marina 50 X X
Kanes Marina X
King Is. Resort 12 X X 185 20 50 V
Ko-Ket Resort 15 " 16 X X X X 20
Korth’s Pirate Lair X X 200
Lighthouse Resort 157 X X X X X 35 20 50    100
Moore’s Riverboat X X 50 115 100
Munyer’s Is. Marina X X 50 50
New Hope Landing 30 X X X X 60 20
Outrigger Marina 25 X X 76 50
Ox Bow Marina X X 425 525
Paradise Pt. Marina X X 85 105 320
Perry’s Boat Harbor X X 122 500
Rancho Marina 50 25 X X X X 14 12 2 A
Snug Harbor 65 8 X X X 65 35 100
Spindrift Marina X X 109 39 60 60
Spot, The 18 6 X X X X 30
Steamboaters 10 X X 25
Steamboat Landing X
Tower Park Marina 396 X X X X X 178 500
Vieira’s Resort 24 X X X X X 146 24
Uncle Bobbie’s 36 70 100
Walnut Grove Marine (Delta Countr Housel)oats) X X 69 96 180    1 A
Walnut Gr. Merch Dk. X
Walnut Berm Harbor 10 198 200
Wimpy’s Marina 12 4 X     X X X 60 X
]’OTALS 958 128 2606 845 2485 1589

KEY: A = Acre CAF = Camp-A-Float V = Vehicle
C = Customer use only T = Trent VT = Vehicle & Boat_Trailer
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RESIDENT AND NONRESIDENT DEMAND

The 1980 census data reflected a population of about 200,000 people in
the five-county Delta area. Current demand figures indicate that in 1990
each resident of the Delta will spend an average of 53 days recreating on
the land and water within its boundaries. Boat registrations in 1980
indicated an ownership of 82,000 boats by the Delta residents. This
amounted to 1 boat for each 2.44 people in the 5-county area which
produced over 77 percent of the recreational demand within the 50-mile
radius (map 1). The 1987 boat registration figures reflect the increasing
popularity of boating in the Delta Region. Delta boat registrations in 1987
reflect 107,000 registered boats and a population figure of about 250,000
for a ratio of 1 boat for each 2.34 people (only motorized vessels require
registration). Past studies reflect that California State Planners used a
ratio of 1 boat for each 30 people during the 1960’s.

The 1980 census figures were used for the North Delta Study. Map 1
reflects about 22 percent of the Delta recreation use comes from the
counties within a 50- to 100-mile radius. Of these figures, the number
using the North Delta facilities cannot be determined.

GENERAL DEMAND

Latent demand is the extent to which existing and future recreation
demand exceeds actual use and capacity of existing facilities. In their
1982 study, the. Corps of Engineers (Corps) identified the estimated latent
demand in the Delta as follows:

Visitor and/or Recreational Day Demand
(Million Recreational Days)

Year Estimated Demand Latent Demand
1980 12.3 9.4
1985 12.9 12.6
1990 13.6 15.2
2000 14.1 25.7
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These statistics were utilized by Ebasco in their 1988 "Recreation
Facilities Plan for North and South Delta" study. The Corps’ figures, used
for this recreation~ plan, and the 1990 figures are comparable to 1989
which makes further refinement unnecessary.

The availability of suitable recreation resources ’and public access are the
limiting factors of North Delta recreation. It is therefore unnecessary to
project recreation demand to the year 2000. This recreation plan focuses
on the estimated 1990 figures for discussions related to planning. The "
ecological consortium matrix and leisure profile are used to depict the
nature of existing demand and its occurrence. The consortium matrix is
used to analyze the compatibility of the various activities occurring in
the North Delta and produces a basis for management decisions and
recommendations.

NORTH DELTA DEMAND

The estimated California population as of January 1988, reported by the
Employment Development Department in the July 1988 report, was
28,019,000. The January 1, 1988, figure represents .an 18.4 percent
increase over the 1980 census figure and indicates that the Corps’ 1982
estimated Delta area population for 1990 may be low.

North Delta recreation demand figures were not determined in previous
studies. The latent recreational demand in the Delta reflected in the
Corp’s 1982 study was estimated at 9.4 million recreation days in 1980,
12.6 million in 1985, and 15.2 million in 1990. This study also projected
that the facilities which currently exist would handle 14.1 million
recreation days in the year 2000. It is assumed that this projection would
hold true for 1990; therefore, the 14.1 million days existing demand
figure is used for the North Delta study as follows:

Million
Days

Latent Demand 15.2
Actual Demand 14.1

Total Recreation Demand 29.3
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These figures indicate that nearly 52 percent of the Delta area demand is
unsatisfied and supports Ebasco’s conclusion, that "The demand for
recreation inthe Delta far exceeds the capacity of existing facilities."
The heaviest use typically occurs on a summer Sunday and application of
the design load formula to the estimated 1990 demand figures indicates
109,375 people use the North Delta on a Sunday during the 14-week
recreation season.

The average person .participates in 2.5 different recreational activities
each recreation day which indicates that the North Delta would generate
273,437 activity days on a typical Sunday during the 14-week heavy use
recreation season. Table 5 displays activities, percentage of use, demand,
units, and acreage requirements to satisfy the 1990 North Delta demand.
Parking standards reflect an average of 70 percent of the recreation users
arrive in vehicles without trailers while the remaining 30 percent are in
vehicles towing boat trailers.

Table 5 - North Delta Recreation Activity Demand

Activity. Percent Number of Number of Number of
Participation 1/ Poeple 2/ Units 2/ Acres 2/

Camping 26 28,437 9,479 1,184
Picnicking 23 25,156 6,289 629
Parking

Vehicles only 75,563 18,890 130
r Vehicles with boat trailers 32,812 10,937 410

Acres required to meet the total North Delta Demand 2,353

1/ From Table 1 - rounded to the nearest percent
21 Figures based on the following accepted standards:

Camping - 3 people per unit and 8 units per acre
Picnicking - 4 people per unit and 10 units per acre
Parking - 300 sq ft and 4 people per vehicle with boat trailer

1,633 sq ft and 3 people per vehicle with boat trailer
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PROPOSED DEVELOPMENT

Fishing A~¢OSS

Fishing access areas would be procured at Georgiana, Hog, and Lost
Sloughs and would contain 3 acres each. Two picnic sites, a chemical
toilet equipped for the handicapped, and parking space for six vehicles
would be provided at each site. In addition to the picnic and parking area,
additional land may. be necessary through lease or purchase to. provide
access to each area. Boating traffic should be controlled by zoning in the
vicinity of these sites.

Wildlife/Wetland Area8

Snodgrass Slough - Access to Snodgrass Slough would be by boat. An
interpretation center, restrooms, or adequate chemical toilets equipped
for the handicapped, a viewing center and possibly foot or canoe trails to
enable closer viewing of the .area should be provided. Foot trails,
constructed from dredged material, could be connected with the Southern
Pacific railroad right-of,way to provide an access by users of the area
recently procured by the State of California. Waterways in the vicinity of
these facilities, including Delta Meadows, should be zoned to restrict
boating activity.

Staten Island - The acres recommended for wildlife/wetland development "
on the~ southern end of Staten Island could range from 20 to 120 acres in
size. The 60 acres was used as a mid-range figure. A lease arrangement
may be made in which the area to be flooded when waterfowl are present
could be used for agricultural purposes during the remainder of the year.
Access would be limited. Dredged material may be used to develop the
flooded area.

Delta Meadows - The Delta Meadows area, recently procured by the
California Department of Parks and Recreation, will continue to provide a
scenic area representative of historical wetlands. To complement the
Meadows area, the administration of the 46-acre parcel of land bordering
the Delta Cross Channel and owned by Reclamation should be turned over
to the State Department of Parks and Recreation for use as a natural area
under a written agreement. This would enable the state to control access
to the area and-ease the problems of trespass and litter which now occur
regularly.
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Channel and Cutoff Islands

The proposed dredging of the South Mokelumne River will provide material
which could be used to construct channel islands for use as staging areas
for a ;variety of recreational activities, In some cases, these islands could
be provided with picnic and restroom facilities. Dredging also could create
cutoff islands to serve as wildlife or natural areas or as destination
islands. Setback levees could produce increased flows and provide
additional water and shore areas to the benefit of fish and wildlife as
well as the public. Some cutoff islands, formed during dredging, could be
quite large and useful in providing additional wildlife sanctuaries or
public use areas.

SUPPLY-DEMAND ANALYSIS

The limiting factor for access to the North Delta for recreational purposes
is availability of vehicle parking space. Existing commercial facilities
reported availability of 2,485 paved and 1,589 unpaved parking spaces. A
total of 5 marinas reported an additional 19 acres of parking which would
accommodate 2,083 vehicle parking spaces. Existing public areas provide a
total of 936 parking spaces. Public and commercial parking now is
adequate to serve 28,173 people. Addition of 15 percent for unreported
parking makes a total of 32,399 people or 30 percent of the existing
demand now served. Parking related to facilities proposed for the North
Delta area is designed to separate and diversify activities. All parking
discussion in this recreation plan is associated only with outdoor
recreational pursuits.

ANALYSIS

In 1988, the Ebasco report estimateda 14.1 million_recreation day demand
by the year 2000 in the Delta area. Given the 28 million plus population
estimate for 1987, that demand will have reached the 14.1 million figure
by 1990. An estimated 35 percent of the Delta demand, or 4.9 million
recreation days, occurs in the North Delta. It is also estimated that 75
percent of the demand (3.7 million recreation days) occurs during the
14-week summer recreational period.
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Based on the extensive use of the existing facilities and application of the
design load formula and using a 1.2 turnover rate, the total demand on a
summer Sunday in the North Delta is 109,375 recreation days. The current
facilities accommodate a total of 32,399 recreation days resulting in an
unmet demand of 76,976 recreation days during the summer season.

The calculations used to determine the above figures contain an. elastic
factor in which recreation facilities would be used at 50 percent capacity
during weekdays. There would be additional recreational days fulfilled if
more nonworking people could be enticed to. recreate on weekdays and the
off-season period from September 15 through May 15.

The population of the United States continues to increase as does that of
the State of California. As a result of longer life expectancy, early
retirement, larger income, and workweek reductions, people will
increasingly use their leisure time to recreate in popular areas such as
the Delta. Inducements to recreate during low-use periods, such as
reduction of fees, could eliminate some of the need for increased numbers
of facilities.

RECOMMENDATIONS

After consultation with various Delta area agencies, field observations,
review of existing guidelines and standards, and a literature review, the
following recommendations are presented"

1. If future recreation studies are conducted, a resource inventory should
be performed to determine the type and numbers of existing recreational
facilities This information would prove beneficial in determining the
utilization and perhaps in limiting or shifting recreational use in certain"
areas of the North Delta.

2. A public agency representing the counties should be established to
assume recreation management responsibilities regarding planning,
development, operation, maintenance, and law enforcement for the North
Delta or possibly the entire Delta area. The entire Delta area should be
managed as one recreation system.
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3. The parcels of Bureau of Reclamation land adjacent to the Delta Cross
Channel should be turned over to the Department of Parks and Recreation,
under written agreement, for their administration together with their
other landholdings in the area.

4. The quality of experience and diversity of recreational opportunity
should take precedence over the quantity of people served.

5. That zoning be used in heavy use recreation areas designed for
activities, for diversity of recreation activities, quality of experience,
and protection of fragile wildlife resources.
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APPENDIX M
NARROWING OF ALTERNATIVES

Proposals for Delta water facilities were made as early as 1890 when early Californians proposed a salt
water barrier. During water resources planning studies of the 1920s and 1930s, it became apparent that
transfers of water from north of the Delta to south of the Delta would be needed to meet the growing
water demands. In 1961, the Interagency Delta Committee (IDC) compared various Delta proposals and
classified the plans into four basic concepts: 1) Hydraulic Barriers; 2) Physical Barriers; 3) Waterway Con-
trol Plans; and 4) a Peripheral Canal (isolated channel). After public hearings, the IDC recommended
the Peripheral Canal in 1965.

1974 Draft Environmental Impact Report, Peripheral Canal Project, August 1974

This draft EIR had objectives of providing transfer capabilities to both the SWP and CVP, improved water
quality, improved flow patterns, improved fishery and wildlife habitat, and opportunities for recreation.

The studies looked at six major alternatives and evaluated 34 parameters,including water quality, water
levels, and fishery. These parameters were evaluated on a scale from A (best) to D (least). This informa-.
tion was summarized in Table VIII-3 of the 1974 Draft EIR and included in this Appendix as Table M-1.

Reapprai~sal of Water~ Management

Under the direction of a new Governor and Department Director, DWR began a reappraisal of the man-
agement of the project, including the water supply, and in particular, the need for and types of Delta
facilities.

1976-77 Drought

The 1976-77 drought emphasized the need for reevaluations of water supplies, water demands, addition-
al facilities, and improved water management.

1978 Bulletin 76, Delta Water Facilities, July 1978

This bulletin was the result of the new State administration policy and the desire to review past planning
work. This comprehensive program incorporates several other elements that are essentialfor the succes-
sful resolution of the Delta controversy and for future water management in California. These include:

¯ serious water conservation efforts;

¯ the use of water recycling and reclaimed waste water to stretch existing water supplies;

¯ conjunctive use of the California Aqueduct and presently dewatered ground water storage capacity
south of the Delta to bank water during wet years for withdrawal during dry years;

¯ the development of newwater storage reservoirs using the off-stream concept which avoids damming
free-flowing rivers;

¯ construction of the Peripheral Canal and related facilities in the Delta and Suisun Marsh; and most
important,

¯ the necessary environmental and Delta guarantees, which have been lacking in past efforts.
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Appendix B of Bulletin 76 included a comprehensive reevaluation of alternatives and components. The
alternatives were divided into five categories: 1) actions to reduce Delta export (nine); 2) institutional,le-
gal, and physical measures to provide Delta protection (fifteen); 3) construction of Delta transfer facilities
(thirty); 4) provisions for additional facilities south of the Delta (thirteen); and 5) development of addi-
tional supplies north of the Delta (twenty-three). Tables from Appendix B of Bulletin 76, follow in this
appendix as Tables M-2 through M-9. The tables are titled:

M-2 Alternative Components

M-3 Summary of Alternatives and Plan Components Eliminated or Deferred During Initial Screening

M-4 Plan Components to be Rated

M-5 Plan Components Evaluation Criteria

M-6 Summary of Alternative Component Rating

M-7 Planning Precepts

M-8 Components Comprising the Alternative Plans

M-9 Summary of Composite Plan Rating

1978 State Senate Bill 346

SB 200, which incorporated DWR’s program, failed to pass the State Legislature.

1982 State Senate Bill 200

SB 200, which included much from SB 346, contained both statewide water management facilities and
specific Delta facilities.

1982 Proposition 9

The June 1982 Proposition 9 referendum measure included Senate Bill 200 but was overturned by the
California voters after an emotional campaign against the Peripheral Canal.

1982 Urban Water Management Planning Act of 1983

This act required more than 300 of the urban water suppliers to prepare water management plans that
identify the water conservation programs they have implemented and proposed for the future.

1983 DWR Report, Alternatives for Delta Water Transfer, Released in November 1983

This report discusses physical alternatives to the Peripheral Canal for transferring water across the Sacra-
mento-San Joaquin Delta. Four basic alternatives, which were considered the most promising, have been
selected from a large number of alternatives. All four are variations of "through-Delta" plans, in which
water is conveyed through existing channels of the central Delta.

1986 Agricultural Water Management Planning Act of 1986

This act requires all major agricultural water retailers to report to DWR on how they manage their water.
The suppliers must also adopt an agricultural water management plan that identifies their water conser-
vation programs.
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1987 Scoping Meeting

The South Delta Water Management Program and North Delta Water Management Program held punic
scoping meetings to obtain local and statewide input.

1988 Planning Reports

The objectives of each program were defined in the planning reports for the North, South, and West Delta
Water Management Programs.

1990 Draft EIR/EIS proposed to be released.

NOTE: The following tables, M-1 through M-10, have been reproduced from the
1974 Draft EIR on the Peripheral Canal and from Bulletin 76, Delta Water Facilities,
dated July 1978. The tables are presented to help readers understand past methods
and the criteria used during the narrowing process.
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Table M-1
Comparison of Delta Alternatives with the Proposed Action

IMPA~I’ RANKING
ACCEPTABLE IMPACT
A- BEST E- ACCEPTABILITY QUESTIONABLE
B- F- UNACCEPTABLE IMPACT
C- U- RELATIVE NET EFFECT UNKNOWN
D - LEAST

Peripheral State-only Waterway Modified    Physical Hyd. Barrier
Impaqt Parameters Canal Gravity Canal Control Folsom-South Barrier No Project
Export Water Supply B B B E A D
Export water Quality A B A B C D
Local water Quality C C B B A C
Water Level A B B B C B
Seepage B A A A A A
Delta Flood Control A A A B A B
Channel Scour (Delta) A B A B A C
Navigation (Delta) A A D B C A
Transportation (Delta) C C A B C C
Land Out of Production (Delta) C C B B A A
Recreation A B C C C C
Fish
General Factors

1. Salinity Gradient and A B C C E B
Dissolved Oxygen A C B C E D

2. Food Supply
Striped Bass
1. Sacramento River A B B D C C
2. San Joaquin River A C A B C D
3. Nursery Area A C B C F D

Sacramento Salmon
1. Upstream Migrants B A B E C A
2. Downstream Migrants A A A B E C

San Joaquin Salmon
1. Upstream Migrants A D B C F E
2. Downstream Migrants A C A C E D

Mokelumne Salmon A C C C E D
Shad U U U U D U
Sturgeon U U U U U U

Resident Game Fish
1. Dead-end Sloughs A B C C D C
2. Main Delta Channels A C B B C C

Non-Game Fish A C C B E C
Suisun Marsh Fish A A A A A A
Bay Fish A A A A A A
Wildlife

Delta A A B C C C
Suisun Marsh C C C C A B

Turbidity B B B A D B
Water Temperature B A B ~ A C A
Bay Circulation and Dispersion B B B B C A
Energy Requirement B A A C A A

NOTE: This is Table VIII-3 of Draft EIR,Peripheral Canal Project, August 1974
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Table M-2
Alternative Components

1. Reduction of Delta Export Modified and Isolated Channel Conveyance
~ *Water Conservation Modified Folsom-South Canal
~’ *Waste Water Reclamation Western Delta Diversion
i "Reduce Export During Dry Years and Critical Physical Barriers
~ Fish Periods Chipps Island Barrier
~ Desalting Sea Water Dillon Point Barrier
~ Desalting Geothermal Brines Point San Pablo Barrier
;- Amend Water Service Contracts Submerged Barrier in Carquinez Strait

Curtail Water to New Lands
Reduced Central Arizona Project 4. Facilities South of the Delta

) Icebergs Off-stream Surface Storage
"Los Vaqueros Reservoir

2. Delta Protection Los Banos Grandes Reservoir (alternate)
Institutional and Legal Measures Los Banos Grandes--Los Vaqueros Combination

"Environmental Monitoring Reservoirs
*Four-Agency Fish and Wildlife Agreement Sunflower Reservoir
"Limits on Delta Diversions Ground Water Storage~ "SWP-CVP Operation Agreement "South San Francisco Bay Basin"Federal Participation in Delta Protection San Joaquin Valley Basins*Review and Revision of Delta Water Quality *Kern River FanStandards . "White Wolf Basin"Delta Water Agency Contracts Southern California Basins

Physical Measures *San Fernando Valley Ground Water Basin
"Western Delta Overland Water Facilities "Chino Ground Water Basin
*South Delta Water Quality Improvement Facilities *Southern Mojave River Valley Ground Water Basin
*Relocation of Contra Costa Canal Intake (alternate)

’ "Suisun Marsh Facilities "Raymond Ground Water Basin (alternate)
Delta-Woodbridge Canal *Santa Ana Ground Water Basin (alternate)i, Fish Screens on In-Delta Diversions "Mid-Valley Canal
Fish Hatcheries
Improved Delta Levee Maintenance 5. Additional Supply North of the Delta

Revise Operation of SWP and CVP Reservoirs
3. Delta Water Transfer Alternatives Weather Modification

Existing Channel Conveyance Long-range Weather Forecasting
: Continue Present Method ("No Project" Alternative) Purchase Dry Year Supplies

Enlarge Clifton Court Forebay Purchase Interim Water Supplies from CVP
Union Island Forebay Sacramento Valley Tributary Storage
Enlarge South Delta Channels *Cottonwood Creek Project
Enlarge North Delta Channets Millville Reservoir

Modified Channel Conveyance Wing Reservoir
Waterway Control Plan Schoenfield Reservoir
Cross Delta Transfer Plan Gallatin Reservoir
Central Delta Plan Newville Reservoir
Combination Waterway Control Plan and Rancheria Reservoir

Central Delta Plan Marysville Reservoir
North Stub Canal Nashville Reservoir
South Stub Canal Sacramento Valley Off-stream Storage
Mathena Landing Cross Channel and South Tuscan Buttes ReservoirStub Canal "Glenn Reservoir--River Dive[sionNew Hope Cross Channel and Enlarged Clifton Court "Colusa Reservoir--River Diversion (alternate)Forebay Enlarged Lake Berryessa
New Hope Cross Channel and South Delta

Intake Channel Sacramento Valley Mainstream Storage
Isleton Cross Channel and Enlarged Clifton Enlarged Shasta Reservoir

Court Forebay Sacramento Valley Ground Water
Isleton Cross Channel and South Stub Canal - Stony Creek Fan Basin

Isolated Channel Conveyance Thermalito Basin
"Peripheral Canal Importation from North Coast Rivers
East Delta Canal Dos Rios Reservoir
East Central Delta Canal English Ridge Reservoir
Central Delta Canal
West Delta Canal
Montezuma Hills Reservoir and Canal
Isleton Cross Channel Alignment
Mathena Landing Isolated Canal "Included in Selected Plan as discussed in Chapter V,
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Table M-3
Summary of Alternatives and Plan Components Eliminated or Deferred During Initial Screening

BASIS FOR OECISION
ADVERSE IMPACT OTHER REASONS

NAME OF AL TERNA TIVE ~ (~ "~

"~ E ~
OR ~ ~ ~ ~ ~ "~ ~PLAN COMPONENT ~ ~ ~ = P >, ~ -~ =

REDUCTION OF DELTA EXPORT
Desalting Sea Water ............................................ ¯ ¯ ¯
Desalting geothermal brines .............................. ¯ ¯ ¯
Amend water service contracts ........................ ¯
Curtail water to new lends ..................................
Reduced Central Arizona Project ...................... ¯
Icebergs .................................................................... ¯ ¯

DELTA PROTECTION
Fish hatcheries ...................................................... ¯

DELTA WATER TRANSFER
ALTERNATIVES

Existing channel conveyance
Union Island Forebay ........................................ ¯
Enlarge South Delta channels ........................ ¯
Enlarge North Delta channels ........................ ¯

Modified channel conveyance
Cross Delta Transfer Plan ................................ ¯

Isolated channel conveyance ,
Central Delta Canal .......................................... ¯
Montezuma Hills Resv & Canal (Resv only) ¯ ¯

Modified and isolated channel conveyance
Modified Folsom-South Canal ........................ ¯ ¯ ¯
Western Delta Diversion .................................. ¯ ¯

Physical barriers "
Chipps Island Barrier ................................:..: .... ¯ ¯
Dillon Point Barrier ............................................ ¯ ¯
Point San Pablo Barrier .................................... ¯ ¯
Submerged Barrier, Carquinez Strait.: ..........

FACILITIES SOUTH OF THE DELTA
Sunflower Reservoir .............................................. ¯ ¯
Raymond Ground Water Basin .......................... ¯

ADDITIONAL SUPPLY    NORTH    OF
THE DELTA

Revise operation of SWP and CVP reservoirs ¯ ¯
Weather modification .......................................... ¯
Long-range weather forecasting ........................ ¯
Purchase dry year supplies ................................
Purchase interim water supplies from CVP .... ¯
Sacramento Valley tributary storage

Millville Reservoir .............................................. ¯
Wing Reservoir .................................................. ¯
Schoenfield Reservoir ...................................... ¯
Gallatin Reservoir .............................................. ¯
Newville Reservoir ............................................ ¯
Rancheria Reservoir .......................................... ¯
Nashville Reservoir ............................................ ¯ ¯

Sacramento Valley offstream storage
Tuscan Buttes Reservoir .................................. ¯
Enlarged Lake Berryessa .................................. ¯ ¯ ¯

Importation from north coast rivers
English Ridge Reservoir .................................. ¯ ¯
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Table M-4
Plan Components to be Rated

NORTH OF DELTA COMPONENTS DELTA COMPONENTS (Continued)

Surface Reservoirs Combination Waterway Control-Central Delta P
Cottonwood Creek Project West Delta Canal
Glenn Reservoir - River Diversion Montezuma Hills Canal
Enlarged Shasta Reservoir SOUTH OF DELTA COMPONENTS
Dos Rios Reservoir Offstream Surface Storage
Marysville Reservoir Los Vaqueros Reservoir-Los Banos Grandes Comb

Ground Water Basins Los Vaqueros Reservoir
Stony Creek Fan Los Banos Grandes Reservoir
Thermalito .~outhern California Groundwater Basins

DELTA COMPONENTS San Fernando Valley

Peripheral Canal
Chino
Southern Mojave

East Delta Canal
San J0aquin Valley Groundwater Basins

East Central Delta Canal
Kern River Fan

Isleton Cross Channel
South Stub Canal White Wolf

North Stub Canal South San Francisco Bay Groundwater Basin

Mathena Landing Cross Channel -South Stub Canal WATER MANAGEMENT COMPONENTS
Mathena Landing Isolated Canal

Waste water Reclamation
Enlarged Clifton Court Forebay

South Bay Area
Isleton Cross Channel - South Stub Canal

Central Coastal AreaIsleton Cross Channel - Enlarged Forebay
Waterway Control Plan Southern California

Central Delta Plan Water Conservation
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Table M-5
Plan Component Evaluation Criteria

CATEGORy: SYSTEM EFFECTIVENESS (75%) . CATEGORY: ADEQUACY OF SUPPLY (75%) CATEGORY: SOCtO.CULTURAL FACTORS (55%)
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Table M-7
Planning Precepts

TABLE B-6.
PLANNING PRECEPTS

Each eligible plan shall be caPable of supplying sufficient water to meet
the expected service area demands for water at all times up to the year

WATER DEMANDS 2000 (within dry-year deficiency limitations provided for in the SWP and
CVP contracts or as they may be proposed for revision).

AND TIMING
Each plan shall also be capable of satisfying the probable maximum de-
mands projected through the year 2000 by merely shifting the dates of
construction of key components or programs.

Any component added to the existing SWP and CVP systems should be

SYSTEM COMPATIBILITY compatible with those systems and also be able to be incorporated into a
complete plan for meeting the demands of the year 2000 without the neces-
sity for abandonment of that component or any other component in the future.

Any plan proposed shall contain components which are within engineering
STATE OF THE ART technology now available, but be flexible enough to accept substitution with

the advent of new engineering technology.

WATER RIGHTS AND Any plan, during its various stages of implementation, shall be compatible
with existing water right permits for the SWP and CVP and with all other

OTHER LEGAL ASPECTS
legal requirements.

Each eligible alternative plan, during its various stages of implementation,

WATER QUALITY shall be capable of complying with applicable State and Federal Delta water
quality standards (as they may be from time to time modified) and with SWP
and CVP export water quality criteria.

FISH AND WILDLIFE No component added to the existing SWP and CVP systems shall preclude
the eventual attainment of the fish and wildlife objectives.

Any plan shall maintain or improve the flood-carrying capacity of Delta
channels or include alternative means for conveying flood flows so as to
reduce or prevent any material increase in the threat of flooding Delta lands.FLOOD CONTROL
In this regard, any proposed changes to Delta channels or levees should be
made compatible with recommendations in DWR Bulletin No. 192, "Plan of
Improvement of the Delta levees," May 1975.

Any plan shall maintain the use of Delta waterways for commercial, recre-
ational, and military navigation. Any proposed change in present, conditions

NAVIGATION will be governed by requirements of the Corps of Engineers and Coast
Guard in their capacities of issuing permits for any project affecting
navigable waters.

Any alternative plans shall provide for control of any increase in seepage
SEEPAGE AND DRAINAGE or drainage to Delta lands that may be caused by construction and operation

of Delta facilities.

GROUND WATER Groundwater requirements imposed by any alternative plan shall be such
that existing long-term overdrafts are not increased.
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Table M-8
Components Comprising the Alternative Plans

z~ z z z ~z z z z z z
COMPONENT --I    -J    ..J    .-I    --J     -J     --1    ..J    .-I

:

EXISTING FACILITIES
SWP & CVP Facilities ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

New Melones Reservoir (under construction) ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Auburn Reservoir (under construction) ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

DELTA WATER TRANSFER ALTERNATIVES

Peripheral Canal ¯ ¯

North Stub Canal - South Stub Canal ¯

North Stub Canal - South Stub Canal/Future Connection ¯

Mathena Landing Isolated Canal ¯

Mathena Landing Cross-Channel - South S~tub Canal ¯

Mathena Landing Cross-Channel - South Stub Canal/Future Connection
¯

North Stub Canal - Enlarged Clifton Court Forebay ¯

North Stub Canal - Enlarged CCF/Future Connection ¯

OTHER DELTA COMPONENTS

Environmental Monitoring ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Pour-Agency F&W Agreement (limits on Delta Diversions) ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

SWP-CVP Operation Agreement ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Federal Participation in Delta Protection ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Delta Water Agency Contracts ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Review and Revision of Delta Water Quality Standards ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Install Four Pumps in Delta Pumping Plant (SWP) ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Completion of Delta Fish Protective Facility (SWP) ¯ 0’ ¯ ¯ ¯ ¯ ¯ ¯ ¯

South Delta Water Quality Improvement Facilities ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Relocation of Contra Costa Canal Intake ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Suisun Marsh Facilities ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Western Delta Overland Water Facilities ¯

SOUTH OF DELTA COMPONENTS

Water Conservation ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Waste Water Reclamation ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Enlargement of East Branch California Aqueduct ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Mid-Valley Canal ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Los Vaqueros Reservoir ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Storage in Southern California Ground Water Basins ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Storage in San Joaquin Valley Ground Water Basins ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

NORTH OF DELTA COMPONENTS

Marysville Reservoir ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Cottonwood Creek Project ¯ ¯ ¯ ’¯ ¯ ¯ ¯ ¯ ¯

Sacramento Valley Ground Water ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Glenn Reservoir - River Diversion ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Dos Rios Reservoir
¯

RELATED ACTIONS

Improved Delta Levee Maintenance ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Fish Screens on In-Delta Diversions ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯

Deepening Baldwin and Stockton Ship Channels ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯ ¯
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Table M-9
Summary of Composite Plan Ratings

PLAN NO,
l 2 3 I 4 8 9’

RATED

SYSTEM EFFECTIVENESS -11.4 -11.9 8.3 10.4 9.4 10.1
IMPLEMENTABILITY I0.0 -6.3 -2.5 -5.5 -.8 -6.3

PUBLIC ACCEPTANCE -20.0 lO.0 12.5 12.5 22.5 15.0
PUBLIC ENTITIES -25 40 30 35 25 35
CITIZEN AND ENVIRONMENTAL GROUPS -15 -20 -5 -10 20 -5

FINANCIAL IMPLEMENTABILITY 100 -44 -30 --39 --35 --44
LEGAL - INSTITUTIONAL -50 15 10 10 ]0 |0

FLEXIBILITY WITH TIME -56.6 8.4 -4,0 8,1 -2.7 8.1
NEW TECHNOLOGY -50 -35 -35 -35 -35 -35

i NEW STANDARDS -60 38 -2 35 -3 33
CHANGING NEEDS ~60 23 25 25 30 27

RELIABILITY 0 35 30 30 30 30

ADEQUACY OF SUPPLY -37.0 49.6 35,8 43.3" 34.6 4018
DELTA -20.0 22.5 7.5 15.0 7,5 12,5

WATER QUALITY -25 -5 -15 -10 -10 -10
WATER QUANTITY -15 50 30 40 25 35

SERVICE AREA --54.5 77.5 65,0 72.5 62.5 70.0
WATER Q’UALITY -10 95 70 85 65 80
WATER QUANTSTY -99 60 60 60 60 60

PHYSICAL ENVIRONMENT -85 13.5 -3,2 "12,| -10,8 11,3
BIOTA -4.0 4.0 -21.0 3.3 -25.0 2.0

TERRESTRIAL ECOSYSTEMS 0 -6 -6 -6 -8 -8
AQUATIC ECOSYSTEMS -10 20 -55 18 -65
SUISUN MARSH ECOLOGY -2 -2 -2 -2 -2 --2

LAND FORM ALTERATION -17.5 32.5 32.5 32.5 17.5 30.0
DRAINAGE AND FLOODING -25 80 80 80 70 80
STABILITY AND EROSION -10 -15 -15 -15 -35 -20

RESOURCE SUPPLY AND DEMAND -20.0 -11.7 -11.7 -11.7 -11.7 -11,7
NET ENERGY USE -25 -I0 -10 -10 -I0 -10
MATERIALS -10 -15 -15 -15 -15 "-15

SOCIO-CULTURAL FACTORS -14.8 20.5 17.0 18,8 17.1 16.1
LAND USE AND DEMOGRAPHY -15.0 -3.3 -6.0 -3.3 -8.0 -7.3

COMPATIBILITY WITH PLANNED LAND USE -30 -15 -13 -14 -23 -27
COMPATIBILITY WITH RELOCATION PLANS -1O 18 8 17 12 18
DEMOGRAPHY -5 -13 -13 -13 -13 -13

AMENITIES -12.5 16.5 I~0 15.0 9.0 11.5
ARCH., PALED. AND HIST. SITES 0 -50 -50 -50 -55 -55
RECREATION ACTIVITIES -25 83 76 80 73 78

AESTHETIC5 -15 65 60 60 65 60

ECONOMIC FACTORS -41.8 17.4 21.4 19.4 19.4 17.4
PUBLIC FISCAL EFFECTS -50 50 50 50 50 50
EMPLOYMENT AND BUSINESS EFFECTS -50 50 50 50 50 50
AVERAGE ANNUAL EQUIVALENT COST -30 -30 -20 -25 -25 -30

CONSTRUCTION FACTORS -7.5 -6.5 -6.5 -6.5 -6.5 -6.5
TRANSPORTATION 0 -25 ’ -25 -25 -25 -25
ECONOMIC ,EFFECTS -10.0 7.5 7.5 7.5 7.5 7.5

PUBLIC FISCAL EFFECTS -10 "10 -10 -I0 -10 -10
EMPLOYMENT AND BUSINESS -10 25 25 25 25 25

LOCAL PUBLIC SERVICE SYSTEMS -I0 -10 -I0 -10 -I0 -10

NUMERICAL AVERAGE OF RATINGS* -19.9 t3.8 8.5 12.8 7.2 11.5

WEIGHTED AVERAGE OF RATINGs** -19.31 16.91 9.41 15.28 7.33 13.82

~ WEIGH3LED RATINGS FROM S,E.S. COMPUTER PROGRAM

~ UNWEIGHTED RATINGS

* TOTAL OF ALL RATINGS DIVIDED BY THE NUMBER OF RATED ITEMS (32)
** CATEGORIES AND SUBCATEGORIES WEIGHTED TO REFLECT RELATIVE IMPORTANCE

540

C--071 649
C-071101.550



Table M-10
Proposed Program, Delta Alternatives Study Status, October 1976

COMPON ENT COMMEN TS

DELTA PROTECTION PROGRAM

ENVIRONMENTAL MONITORING Monitor water quality and fish and Witdhfe resources.

FOUR-AGENCY FISH AND WILDLIFE AGREEMENT (DWR, USBR, DFG, & USFWS) specifytng needs and means of
protecting fish and wildlife.

Spell out responsibility of the two projects in ~eeting Delta andSWP ’CVP OPERATION AGREEMENT
and project needs.

LIMITS ON DELTA DIVERSIONS Low in dry years, intermediate in normal years, and high in
wet years,

REVIEW AND REVISION OF DELTA WATER To assure criteria for protecting the Delta constitutes a reasonable
QUALITY STANDARDS be~eficial use of water.

Provide for CVP to operate within the same rules for protecting
FEDERAL PARTICIPATION IN DELTA PROTECTION Delta as SWP and federal participation in Delta Water Facilities

and Suisun Marsh .Protect on.
SOUTH DELTA WATER QUALITY IMPROVEMENT To distribute good quality water to areas that now have poor

FACILITIES quality water.

SUISUN MARSH FACILITIES To improve water quality for Marsh management,

FACILITIES SOUTH OF THE DELTA
Estimated that by year 2000,water conservation of 500 cubic

WATER CONSERVATION hectometres (400,000 acre-feet) per year could be achieved,

Estimated that by year 2000; }.20 cubic hectometres (].00,000WASTE WATER RECLAMATION
acre-feet! per year could be developed.

GROUND WATER STORAGE To provide about 500 cubio hectometres (400,000 acre-feet) per
year of firm project yield.

ENLARGE EAST BRANCH OF CALIFORNIA To provide necessary aqueduct capacity to deliver water for
AQUEDUCT storage in Chino Ground Water Basin.

To provide 200 cubic hect0metres(].60,000 acre-feet) per year
LOS VAQUEROS RESERVOIR of firm yield and other benefi

MID-VALLEY CANAL USBR Project to delive~ water from California Aqueduct to east
side of San Joaquin Valley to reduce existing ground water
overdraft.

FACILITIES NORTH OF THE. DELTA
To provide approximately 250 cubic hectometres {200,000 acre.feet

SACRAMENTO VALLEY GROUND WATER per year of firm yield.

USCE project to provide about 2].0 cubic hectometres
COTTONWOOD CREEK PROJECT (170,000 acre-feet) of firm yield for purchase by State.

USCE Project to provide about 200 cubic Hectometres (]..60,000
MARYSVI LL~E RESERVOIR acre-feet) of water to offset loss from Ship Channel Projects.

To provide ]..2 cubic kilometres (]. million acre-feet~ of additionalGLENN RESERVOIR-RIVER DIVERSION firm yield annually.

RELATED FACILITIES AND ACTIONS
To improve water quality and insure water supply for Contra Costa

RELOCATE CONTRA COSTA CANAL INTAKE Canal; and to save water otherwise needed for water quality
control at the present canal intake.

IMPROVE DELTA LEVEE MAINTENANCE To protect Delta agriculture by reducing the threat of flooding
and salt water intrusion from levee failure.

FISH SCREENS ON IN-DELTA DIVERSIONS To help protect Delta fisherie~ by screening some of the 1.9 cubic
kilometre (]..6 million acre-feet) in-Delta diversions.

DELTA WATER AGENCY CONTRACTS To assure Delta Water Agencies of adequate quality water supply
and provide repayment for project benefits.

SELECT ONE OF THREE ALTERNATIVE DELTA WATER
TRANSFER FACILITIES

NEW HOPE CROSS CHANNEL-SOUTH DELTA INTAKE CHANNEL

NEW HOPE CROSS CHANNEL-ENLARGED CLIFTON COURT
FOREBAY

PERIPHERAL CANAL
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APPENDIX N
DOCUMENTS INCORPORATED BY REFERENCE

Brown and Caldwell Consulting Engineers, Delta Drinking Water Quality Study, May 1989

California Department of Fish and Game. Water Projects Branch Report No.1. 1962.

California Department of Fish and Game. Fishes and Decapods of San Pablo and Suisun Bays. Fish Bulletin 133:64-94.
1966.

California Department of Fish & Game. Seasonal Distribution of Crustacean Plankters in the Sacramento-San Joaquin Del-
ta. Fish Bulletin 133:95-104. 1966..

California Department of Fish and Game. Distribution and Concentration of Neomysis awatschensis in the Sacramento-San
Joaquin Delta. Fish Bulletin 33:105-112. 1966.

California Department of Fish & Game. Fish Bulletin 136:130-143. 1966.

California Department of Fish & Game. Fish Bulletin 136:144-153. 1966.

California Department of Fish & Game. Fish Bulletin 136:160-168. 1966.

California Department of Fish & Game. Fish Bulletin 151. 1970

California Department of Fish and Game. The Status of San Joaquin Drainage Chinook Salmon Stocks, Habitat Conditions
and Natural Production Factors. DFG Exhibit 15. 1987.

California Department of Fish and Game. California Fish and Wildlife Plan, Volume 3, Part A, page 230.

California Department of Fish & Game. Requirements of American Shad (Alosa sapidissima) in the Sacramento-San Yoaquin
River System. Exhibit 23. 1987.

California Department of.Fish and Game, Associations Between Environmental Factors and the Abundance and Distribution
of Resident Fishes in the Sacramento-San Joaquin Delta. DFG Exhibit 24. 1987.

California Department of Fish and Game. Delta Outflow Effects on the Abundance and Distribution of San Francisco Bay
Fish and Invertebrates. DFG Exhibit 60. 1987.

California Department of Fish and Game. Exhibits for the State Water Resources Control Board Water Quality/Water Rights
Proceeding on the Sacramento-San Joaquin Delta. 1987.

California Department of Fish & Game. Central Valley Salmon and Steelhead Restoration and Enhancement Plan. 1990.

California Department of Fish and Game. Where Have California’s Striped Bass Gone? 1990.

California Department of Fish and Came. Candidate Species Status Report 90-2. 1990.

California Department of Water Resources. Draft Environmental Impact Report, Peripheral Canal Project. August 1974.

California Department of Water Resources. An Evaluation of Fish Populations and Fisheries in the Post-Oroville Project
Feather River. 1977.
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REFERENCES (Continued)

California Department of Water Resources. Delta Water Facilities, Bulletin~76. July 1978.

California Department of Water Resources. Draft Feasibility Report and Draft Environmental Impact Statement,
Sacramento-San Joaquin Delta, California, October 1982.

California Department of Water Resources. Cultural Resources Peripheral Canal Staff Paper. (Survey) November 1982.

California Department of Water Resources. Alternatives for Delta Water Transfer. 1983.

California Department of Water Resources. Plan of Protection for the Suisun Marsh including Environmental Impact Report.
February 1984.

California Department of Water Resources. State Water Project Service Area Impact Study. May 1985.

California Department of Water Resources. Final Environmental Impact Report on the proposed Additional Pumping Units at
Harvey O. Banks Delta Pumping Plant. January 1986.

California Department of Water Resources. Operations Criteria Applied in DWR Planning Simulation Model.
February 1986.

California Department of Water Resources. Sacramento-San Joaquin Delta Atlas. August 1987.

California Department of Water Resources. California Water: Looking to the Future. Bulletin 160-87. November 1987.

California Department of Water Resources. North Delta Water Management Program. March 1988.

California Department of Water Resources. South Delta Water Management Program. April 1988.

California Department of Water Resources. Bulletin 69-86, California High Water, 1985-86. May 1988.

California Department of Water Resources. West Delta Water Management Program. July 1988:

California Department of Water Resources. The Delta as a Source of Drinking Water: Summary of Monitoring Results, 1983
to 198Z January 1989

California Department of Water Resources. The Delta as a Source of Drinking Water: Summary of Monitoring Results, 1983
to 198Z August 1989.

California Department of Water Resources. Sediment Sampling, North Delta. April 1990.

California Department of Water Resources. North Delta Borrow Investigation. May 1990.

California Department of Water Resources. Mokelumne River Basin, Feb. 12-21, 1986, Flood Study Using HEC-1. June
1990.

J.J. DeVries. Feasible River Control Structures for Delta Facilities. January 1990.

EBASCO. Recreation Facilities Plan for North and South Delta. March 1988.

Ecos, Inc. Sensitive Species Survey Report for the North Delta Water Management Program. July 1990.

D.W. Kelley and Associates. The Influence of FIow on Sacramento River Salmon. 1987.
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M. Kjelson, B. Loudermilk, D. Hood, and P. Brandes. The Influence of San Joaquin River Inflow, Central Palley and State
Water Project Exports and Migration Route on Fall-Run Chinook Smolt Survival in the Southern Delta Duringthe @ring of 1989.
February 1990.

State Water Resources Control Board. Report on Decision D 1485.

State Water Resources Control Board. Water Quality Control Plan Report for the Central Valley Region. 1975.

State Water Resources Control Board. CCCWA/EDFExhibit 1. 1987.

State Water Resources Control Board. Tributyltin: A California Water Quality Assessment.. December, 1988.

U.S. Army Corps of Engineers. Fiinal Environmental Statement on Operation of the Delta Pumping Plant. September 1980.

U.S. Army Corps of Engineers. Mokelumne River, California, 1% Flood at Franklin Road, Hydrology. May 1990.

U.S. Bureau of Reclamation/California Department of Water Resources. Joint EnvironmentalImpact Statement/Environ-
mental Impact Report for Coordinated Operation of the Central Valley Project and the State Water Project. April 1986.

U.S. Fish and Widlffe Service. Exhibits for the State Water Resources Control Board Water Quality/Water Rights Proceeding on
the Sacramento-San Joaquin Delta. 1987.

U.S. Fish & Wildlife Service. The Needs of Chinook Salmon in the Sacramento-San Joaquin Estuary, Exhibit 31. 1987.

U.S. Fish and Wildlife Service. Survival and Productivity of Juvenile Chinook Salmon in the Sacramento-San Joaquin Estuary.
October 1989.

U.S. Fish & Wildlife Service. Supplemental Annual Progress Report, FY 1989 Work Guidance, Part C, WQCP-USFWS-4.

U.S. Fish & Wildlife Service. In-house Report. 1989.

U.S. Environmental Protection Agency. Pesticide Fact sheet No. 143: Tributyltin. October 1987.
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APPENDIX O
LIST OF PREPARERS

This Environmental Impact Report/Environmental Impact Statement was prepared by the California Department of Water
Resources, Division of Planning, 1416 Ninth Street, Sacramento, CA 95814 with assistance from the U.S. Bureau of
Reclamation, Mid-Pacific Region, and the U.S. Fish and Wildlife Service, both at 2800 Cottage Way, Sacramento, CA 95825,
the Department ofFish and Game, 4001 N. Wilson Way, Stockton, CA 95205, and the U. S. Army Corps of Engineers,
650 Capitol Mall, Sacramento, CA 95864. A list of persons who prepared various sections of the document, significant
background material, or participated to a significant degree in preparing the document is presented below.

Name Oualifications Participation

Department of Water Resources

George Barnes B.S., M.S. Civil Engineering, P.E.; Statewide and Delta operation
Chief, Modeling Support Branch; studies
26 years with DWR

David Brown B.S., M.S. Biology; Environmental analysis
Chief, Environmental Support Section;
Environmental specialist, 17 years

Randy Brown PhD. Ecology; Fishery impacts and coordination
Chief, Environmental Studies Branch

Francis Chung B.S., M.S., Ph.D., Civil Engineering, P.E.; Statewide and Delta operation
Chief, Delta Modeling Section; studies
water resources engineering, 15 years

Jake Compton B.S. CiVil Engineering, P.E.; Engineering analysis and
Associate Engineer, Water Resources; cumulative impacts
16 years in construction and design,
12 years in Delta facilities planning

Bellory Fong B.S. Biological Conservation; Fisheries studies
Environmental Specialist IV; Chief, Bay/Delta
Interagency Program; 17 years

Sheila Greene B.S. Biological Science; Fisheries studies
Environmental Specialist I;
Bay/Delta Interagency Program, 4 years

Kamyar Guivetchi B.S. Civil Engineering; Graduate work in Delta hydrodynamic and water
environmental engineering; Assistant quality modeling studies
Engineer, Water Resources; 6 years in
Delta modeling
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iName Oualifications Partici,ation-.

Ray I-Ioagland B.A. Economics and Mathematics; Graduate Economic benefits analysis
studies at U.C. San Diego; Research Manager III;
Chief, Economic Analysis Section; water

~ resources economics, 15 years

~Edward F. Huntley Registered Civil Engineer; . Coordination with statewide
Chief, Division of Planning; planning
water resources planning, 32 years

Robert Nozuka B.S. Civil Engineering; Engineering analysis
Assistant Engineer, Water Resources;
Delta planning, 3 years

Robert Plath M.S. Statistical Economics; Operation Studies
Operations Research Specialist II;
Delta Modeling, 5 years

Dwight Russell B,S. Civil Engineering, P.E.; Hydrodynamic modeling studies
Senior Engineer, Water Resources;
20 years in hydrological systems modeling

Robert Suits M.S. Civil Engineering, P.E.; ~-Engineering analysis
Associate Engineer, Water Resources;
Delta planning, 5 years

Karl P. Winkler B.S. Civil Engineering, P.E.; Coordination of Delta programs;
Chief, Delta Planning Branch; - Engineering analysis and mitigation
water resources planning, 17 years

Robert Zettlemoyer B.S., M.S. Civil Engineering, P.E.; Water supply and demands
Senior Engineer, Water Resources; evaluations
25 years with DWR

James Martin B.S. Biological Sciences; Biological Resources analyses, coordination
Environmental Specialist IV; North Delta Planning of report prepartion
Section; 16 years

Elizabeth Rutkowski B.S. Civil Engineering; Engineering Analysis
Jr. Civil Engineer; DWR 1 year

Robert Item B:S. Agricultural Engineering Delta hydrodynamic modeling; flood
Assistant Engineer; DWR 3 years modeling; and engineering analysis

Josephine Turner B.S., M.S. Biological Conservation Fisheries analysis and document review
Environmental Specialist II; Biologist and
conservationist 6 years
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Name Oualifications Particivation

Stein Buer B.S. Zoology, M.S. Civil Engineering; Project Manager, Engineering analysis
Chief, North Delta Management Section; and mitigation
Water Resources Engineering 11 years

Sina Darabzand M.S. Civil Engineering State Water Project impacts analysis
Senior Engineer, Water Resources; 9 years

M. A. Rashid B.S., M.S. Civil Engineering, P.E. Engineering analysis
Senior Engineer, Water Resources; 26 years

Stephen Roberts B.S. Civil Engineering Engineering analysis
Assoicate Engineer, Water Resources; 12 years

Penny Howard B.S. Civil Engineering Engineering analysis
Senior Engineer, Water Resources; 10 years

Paul Dabbs B.S. Civil Engineering State Water Project modeling and impact
Senior Engineer, Water Resources; 15 years analysis

Ali Ghorbanzadeh Ph.D. Civil Engineering (Hydraulics) Flood Modeling and Analysis
Senior Engineer, Water Resources; 18 years

Chris Enright B.S. Environmental Resource, B.A. Environmental Delta Water Quality and Hydrodynamic
Studies, M.S. Civil Engineering; Assistant W.R. Modeling
Engineer; 1 year

Gordon Little B.S. Civil Engineering Engineering analysis
Associate Engineer, Water Resources; 30.5 years

Marco Bell B.S. Civil Engineering Flood modeling and analysis of flows
Assistant Engineer; 3.5 years coming out of Comanche River

Richard Hoagland B.A. Liberal Arts Flood modeling cross-section analysis
Graduate Student Asst. (CE), 2 years

Stephen Ford B.S., M.S. Aquatic Biology Fisheries Analysis
Chief, Bay-Delta Environmental Studies Branch
14 years

Darryl Hayes B.S. Civil Engineering, P.E. Preliminary Project Design
Associate Engineer, Water Resources; 7 years

Theresa Geimer B.S. Civil Engineering Preliminary Project Design
Associate Engineer, Civil Design; 7 years
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Name Oualifications Particivation

Leslie Harder PhlD. Geotechnical Engineering Preliminary Project Design; Cost
Canals and Levees Design Setbacks; 13 years estimates for levee setbacks and channel

Ted Tsuruda B.S. Civil Engineering Preliminary Project Design
Senior Engineer, Design and Construction; 32 years

Sherry Musgrove A.A. General Education Energy Impacts Analysis
Energy Resources Specialist III; 10 years

Nirmala Mahadevan B.S. Civil Engineering Delta hydrodynamic modeling; prepared
Jr. Civil Engineer; 1 year graphs and model runs

Frank Conti B.S. Political Science Land and Right of Way
Supervising Land Agent; 24 years

Judy Heath B.S. Biological Science Dredging Environmental Impacts analysis
Environmental Specialist IV; 18 years - 8 of which
is EIR preparation experience

Brook Baxter B.S. Public Administration Research and cost-estimating of relocating
Chief of Utility Relocation Section of Land and Rightpublic utilities
of Way; 10 years

Bruce Agee B.S. Limnology, M.S. Ecology Dredging Impacts Analysis
Environmental Specialist IV, Municipal Water
Quality Investigations; 9 years

Susan Markee B.S. Sociology Land and Right of Way
Land Agent; 10 years

Don Davis B.S. Agronomy Prepared cost-estimates of land and
Senior Property Appraiser; 28 years improvements for North Delta

Connie Anderson M.S. Public Administration Acquisition of Land Rights required for
Senior Land Agent, Chief of Acquisition Section, preparation of Environmental
Land and Right of Way; 16 years Documentation

Glen Rothrock B.S., M.S. Ecology Fisheries Analysis
Environmental Specialist III
Delta Planning Branch, 17 years

Steve Cowdin B.A. Economics, M.A. Public.Administration Economic Analysis and Growth Inducing
Research Program Specialist II Studies
Water Resources Economics, 13 years

U.S. Bureau of Reclamation
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Richard Crysdale B.A. Geography & Economics, M.S: Outdoor Outdoor recreation
Recreation; Environmental Specialist and
Outdoor Recreation Planner, Reclamation,
19 years

Name Oualifications Particivation

Douglas Kleinsmith M.S. Biology; Environmental Biologist, EIS coordination and review;
FERC, 3 years; Natural Resources prepared miscellaneous EIR/EIS
Specialist, BLM, 2 yr; Environmental sections
Specialist, Reclamation, 8 years

Chester Robison B.S. Biology & Mathematics, M.S. General Outdoor recreation
Science; 21 years with Reclamation as
Educator, NaturalResources Specialist, and
Outdoor Recreation specialist

Colette Diede B.S. Geological Engineering USBR participation coordination;
Program Manager, Civil Engineer; 1 year - Con-      recreation analysis
struction Engineering, 1 year Wellsite Geology

U.S. Army Corps of Engineers

Jean Eider B.S. Chemistry; Environmental Resource SpecialistWaterways and Wetlands Impact Review
1 yr, Biologist 3 yrs, Environmental Planner 1 yr,
Fisheries Biologist 8 yrs, USACE

Jeff Harris B.S. Atmospheric Science Flood modeling and analysis
Hydrologic Engineer; 13 years

Herbert Hereth B.S. Agricultural Engineer, P.E. Flood modeling and analysis
Chief Hydrology; 27 years

Kenneth Finch B.S. Graduate of Water Resources Planning AssociateFlood modeling and analysis
at Board of Engineers for Rivers and Harbors,
Washington D.C.; Hydraulic Engineer; 34 years

U.S. Fish and Wildlife Service ¯

Phillip Harrison B.S. Fishery Biology minor Computer ProgrammingWildlife resources impact analysis
Wildlife; Wildlife Biologist; 6 years in Fish and
Wildlife Studies

Richard DeHaven B.S. Fish and Wildlife Biology Fish and Wildlife Research Evaluation
Fish and Wildlife Biologist, Federal Projects Planningof impacts to Fish and Wildlife
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Division; 5 years in Water Resources; 18 years
involving Development Planning

Department offish and Game

Patrick Coulston B.S. Fisheries Biology, M.S. Fisheries Science Provided background material and impact
Associate Fisheries Biologist DFG; 14 years analysis for fisheries resource

Name Oualifications Participation

Sonja Hamilton M.S. Marine Science Fisheries impact analysis
Fishery Biologist; 4 years, DFG

Consultants

Dr. Johannes J. DeVries " Ph.D. Civil Engineering Consultant with Tide Gate Barrier Studies
Program representative with Water Resources Center
in U.C. system; 30 years
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APPENDIX P
WETLAND INVENTORY AND ANALYSIS

In Chapter 4 several areas were identified in the north Delta area as having exceptional
natural habitat values, including wetland restoration potential (Figure 4-1). The principal
areas are the Delta Meadows, the Cosumnes/Mokelumne River confluence area, and the Stone
Lakes basin, including Beach Lake, North Stone Lake, and South Stone Lake. These areas have
historically served as overflow areas during floods, attenuating the largely uncontrolled
runoff into the north Delta area.

The reduction in duration and areal extent of flooding associated with improved flood control
may affect the distribution of flora and fauna in these areas (Chapter 5, Flood Control
alternative analysis).

This appendix contains a sample of available resource inventories for these areas.
Additional information will be assembled by DWR staff and by USFWS as part of its EIS for the
proposed Stone Lakes Refuge.
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FILE

PROJECT PROPOSAL

PROPOSED
STONE LAKES NATIONAL WILDLIFE REFUGE

SACR  O cou n’, C LI ’ORNIA

SEPTEMBER 1989

Introduction. In the early 1970s the U.S. Army Corps of Engineers (Corps)
commenced design of the Morrison Creek Stream Group Project, Sacramento
County, California. A National Wildlife Refuge (refuge) was authorized with
this flood control project as a mitigation and enhancement feature. The
refuge was to be established over the Corps’ 7,800 acre flood retardation
basin. In addition, the Corps planned to place restrictive flowage easements
over an additional estimated 5,000 acres. Over the years the county and city
of Sacramento implemented many of the Corps’ flood control features, and the
Corps abandoned the original project. Since the Corps no longer needs
mitigation lands, the U.S. Fish and Wildlife Service (Service) will have to
pursue acquisition on lts own if a national wildlife refuge is still desired.

Nothing In this proposal is intended to alter any ongoing or proposed flood
control policies or projects. Agencies charged with flood control
responsibilities must understand that this proposal is subject to considerable
further study. Even if the project is implemented, substantial private
properties will remain in the area, and the Service lands will also require
flood protection.

The additional lands
would include valuable seasonal wetlands and California prairie. This acreage
f~gure represents the total within the proposed boundary; it is possible that
some of this land will never actually be acquired. The project will include a
variety of fee title acquisitions, easements, and cooperative agreements.

The ~oncept Plan for Wintering Waterfowl Habitat Preservation - Central Valley
Ca]tfornia Identifies these as important wetlands threatened by urban
encroachment and requiring preservation.

Location and Size. The proposed               refuge is adjacent to the city of
Sacramento in the southwestern portion of Sacramento County on the northeast
side of the Sacramento River-San Joaquin River delta. Generally, the lands
are bounded by Morrison Creek, the Western Pacific Railroad alignment (now
owned, by Union Pacific), Lambert Road, and the abandoned Southern Pacific
Railroad alignment. These lands drain into Snodgrass Slough which carries
water to the Consumnes-Mokelumne River delta.

Descrlpt~on of Habitat. This area is a remnant of what was once a vast
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complex of permanently and seasonally flooded wetlands flanked by riparian
forest and prairie The native plant communities have been greatly changed byo

the effects of flood control and agricultural operations. Remnants of a
varietyof native plant communities still exist, particularly in the rlparlan
scrub-shrub zones with willows, cottonwoods, and oaks.

The needlegrass grasslands that were probably native to many dryer sites may
now be locally extinct. Grazing practices are the most likely cause of the
decline of native grasslands and riparian forests. Control of grazing should
aid in restoring the diversity and vlgor of these areas.

Approxlmately 200 square mlles of urban watershed discharge through the
project area. Perennial lakes, sloughs, and streams cover approximately 1,200
acres. There are additional thousands of acres of seasonally flooded wetlands
and vernal pools.

Aquatic bed does not appear to be well established In the permanently flooded
wetlands, possibly the result of carp activities. Emergent vegetation,
primarily cattails and bulrushes, is present around the edges of the larger
lakes and widespread in the sloughs and seasonally flooded wetlands.

Most of the area surrounding South Stone Lake is presently farmed with
rotational crops of alfalfa, wheat, and sugar beets. Increasingly the land is
being converted to vegetable crops and vineyards. Land parcels in this.area
have substantial development such as homes, support buildings, and irrigation
and drainagesystems.

The area around North Stone Lake and to the east of Interstate 5 is largely
pasture with some stream courses, small wetlands, and vernal pools. Vernal
pools are found where water accumulates above the hardpan in a "perched" water
table, during winter and spring. As the rainwater slowly evaporates,
concentric rings, each of one particular plant species, bloom and die in a
pattern of temporary succession. These vernal pools can provide important
habitats and support 90 percent of the native plant species found in the area.

Major Wildlife Values. The area supports a variety of migratory and resident
birds and a warmwater fishery. Over 140 species of birds, 26 mammals, 8
reptiles, 4 amphibians, and 27 fishes have been recorded on the area. Great-
blue herons, great egrets, and cormorants nest on North Stone Lake.

The area provides an important link in the Pacific Flyway. The proposed
refuge provides nesting, migration, and wintering habitat for 23 species of
waterfowl. If the proposed area is managed as successfully as otherlrefuges
in central California, it could support 30 million waterfowl use days
annually.

Endangered wildlife species using the proposed project area include American
peregrine falcon, and possibly the Aleutian Canada goose. The area could,
under proper management, support the least Bell’s vireo. Candidates for
Federal listing using the proposed refuge area include California black rail,
giant Sierra garter snake, Sacramento splittail (a fish), and Boggs Lake hedge
hyssop (an annual herb).

561

C--071 665
(3-071101.566



Related Resources. Though there are many State and Federal wildlife areas in
the Central Valley, none are located in the Sacramento area. The nearest
Federal areas are Sutter National Wildlife Refuge 50 miles to the north, San
Pablo Bay National Wildlife Refuge 45 miles west, Antioch Dunes National
Wildlife Refuge 30 miles southwest, and 90 miles to the south the Merced, San
Luis, and Kesterson National Wildlife Refuges.

The closest State wildlife areas are Gray Lodge Wildlife Area 60 miles north,
Grizzly Island, Lower Sherman Island, and Joice Island Wildlife Areas 35 miles
southwest, and the Los Banos and Volta Wildlife Areas 100 miles south. The
American River Parkway, an urban/rural parkway, is 5 miles north of the
project area. The Nature Conservancy’s Consumnes River Preserve is 4 miles
south of the project area.

Threats. In little more than a century, wetlands in California have
diminished to less than !0 percent of their historic acreage. These losses
have occurred as a direct result of the agricultural, residential, commercial,
and industrial development of California lands. The specific threats to the
project area come from various quarters.

Commercial and residential development of large portions of the project area
is imminent. Sacramento is the fastest growing area within California.
Approximately 2,000 acres within the project area are propgsed or approved for
development which would adversely impact seasonal wetlands and vernal pools,
Development interests are also pursuing the conversion of the lands north of
the proposed refuge.

Hazardous Waste. A preliminary preacquisition contaminant survey was
completed by the Sacramento Ecological Services Field Office in February 1989.
The survey concluded that there are no data from the project area to confirm
or deny the presence of hazardous wastes on lands proposed for acquisition.
Discharges and runoff from agricultural, municipal, ~nd industrial sites have
the potential to disperse contaminants onto the proposed acquisition lands.

The Sacramento Army Depot, a superfund site, is located 6 miles upstream from
the flood basin. Data on contamination of biota have not been collected;
therefore, its impact is unknown. The decontamination role of the waste water
treatment facilities, situated between the Sacramento Army Depot and the
Beach/Stone Lakes basin, is presently unknown. A complete risk assessment
with appropriate sampling should be performed prior to acquisition.

Justification and Funding. The proposed refuge offers an important
opportunity to advance the specific objectives outlined in several of the
Service’s planning documents such as the North American Waterfowl Management
Plan goal: "To improve the quality of. publicly managed habitat and protect
and restore 80,000 additional acres of wintering habitat for plntail and other
waterfowl in the Central Valley of California."

It is anticipated that lands within this project will be acquired with monies
from the Land and Water Conservation Fund.
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O~nership and T~pe of Acquisition. Various public and private entities own
the lands within the project boundaries. The public entities include:
California Department of Parks and Recreation (State parks) which owns
approximately 1100 acres encompassing North Stone Lake and a portion of the
old Southern Pacific Railroad alignment; California Department of
Transportation (Cal Trans) which owns 142 acres around Beach Lake; Sacramento
County Department of Parks and Recreation (county parks) with approximately
1600 acres in the North Stone Lakes area; and Sacramento Regional Sanitation
District (sanitation district) with approximately 3500 acres at the north end
of the project. The remainder is in private ownership.

Cal Trans would like to dispose of its Beach Lake parcel.

The 2700 acres of county and State parks land at North Stone Lake have been
lanaged by Sacramento County for several years. The land has been managed
prilarily for grazing, but there is increased interest in managing the land
for wildlife values.

Sanitation District managers have expressed interest in managing their lands
In cooperation with the Service.

A variety of acquisit~on options ranging from cooperative agreements to fee
title acquisition is possible. To best meet Service objectives, it is
anticipated that the Service will acquire title to some private lands and
term management agreements on State and local government holdings.
Conservation easements may provide sufficient protection for some areas.
There are some areas, especially east of Interstate 5. where existing
development and hiffh land costs may preclude acquisition.
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DEP~<TMENT OF THE INTERIOR
U.S. Fish and Wildlife Service

Notice of Inten~ to Prepare an Environmental Impact Statement for the
establishment of a National Wildlife Refuge and pro~e=tion of wetlands in
south Sacramento County, California,

AGENCY: U.S. Departmen~ of ~he Ingerior, Fish and Wildlife Service

ACTION: No~i~e of in~ent and s¢oping period

SUMY~Y: This no~¢e.adv~ses the.public that the U.S. F~sh and W~idli~e
Service (Service) intends to gather ~nformatlon necessary for the p~epara$~on

S~one Lakes in sou~h Sacramento Oounty, California. Oommen~s ~ece~ved from all
pa~iesduring an earlier environmental assessmen~ scoping process will be
incorporated in=o the scope and ¢ont~n= of ~h$s EI$. A~ditional opportuni=ie$
for .public involvemen~ will further define the scope of ~his E~S. This no~ice
is being furnished pursuan~ ~o the National Envi~onmenta~ Poli~y Act (NEPA)
regulations (40 CF~ 1501.7) to obtain suggestions and information from
a~encies and ~he public on the scope of ~ssues.~o be addressed in ~he EIS.

SCOPING INFORMATION: Persons’wishing to participate in ~he s¢oping process are
encouraged to~on~a~ ~he U.S. Fish and Wildlife Service, Sacramento
FieZd Office as soon as possible. Interested agencies, orsaniza~ions, and
individuals a~e encouraged ~o participate in the public program for zhis
p:oje¢~ in o~de~ ~o iden~i~y and dis~ussmajor issnes, concerns, and.
opportunities ~ha~ should be addressed in ~he Z~$. Written ~ommen~s will also
be accepted.

FO~ FU~THE~ INFORMATION .CONTACT: M~. Peter J. Jerome, ~efuge Manage~, U,S.
Fish and Wildlife .S.~rvice, 2233 Wa~ Avenue, $uige $75, Sacremen~o, California
95825~0509, Telephone; 916-978~4420.

WKITTEN COMMENTS INFORMATION: W~ttsn comments should be received by November
15, 1990.

SUPPLEMENTARY INFORMATION: The preparation of an environmenta! assessment
document to explore ~he feasibility of establishing a national wildlife refuge
in south Sacramento County was initiated in Ma~ch 1990. As a result o£ ~he
scoping process, the Service has de~ermined tha$ the p~eparation Of an
Environmental Impact Sta~emen~ is appropriate. Consistent wi~h Depar~mentai
guidelines, ~he Service determined ~ha~ the proposed projec~ may resul~ in
po~entlally significant environmental effects related ~ the conversion of
agriculturallands ~o wetlands.

Publi~ workshops and meetings wi~h local, s~ate, and {ederal agencies hav~
been conducted. The scope and conten~ of these meetings, including existing
issues and concerns ~ocuments, wi[~ be £|~¢orpora~ed into the subsequen5
scoping process. [~ addition, a range of p~e[imi~sry a~e:na[ives tha~
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describe various acquisition objectives will provide the basis for
environmental impact aSSesSment,                                                    _

BACKGROUND: The Central Valley of California encompasses an area of over 13
million acres which included an estimated four million acres of wetlands
the 1850’s. Today, estimates of remaining wetlands in California’s Central
Valley have ranged from slightly less than 400~000 acres to 280,000 acres. The
loSS Of wetlands coupled with declining waterfowl populations and other
wetlands dependent species nationwide has resulted in managemen~ concerns at
the Io~al, state, and federal levels.

Since 1988, there has been heightened public interest in the pro~ction of
riparian areas in ~he Stone Lakes area. Separate Congressional and
Legislative appropriations resulted in widespread public support for the
establ~shmen~ of a National W~Idl~fe Refuge. O~her public and non-profit land
managers have ini=iated wetland prO~ection prDgrams with =he establishment of
~he Cosumnes Preserve ~o the south of Stone Lakes.

The 8~one Lakes area represents remnants of a variety of nabive plant
~ommunities such as willow, cottonwood, and oak riparian forests. Seasona~ly
flooded wetlands and vernal pools occur throughout the study area. The area
provides sn importan= component of ~he Pacific Flyway and provides wintering,
nearing, and feeding habitat for 23 species of waterfowl. In addition, the
area provides habitat for several species of flora and fauna that are
candidates fo: the endangered species list,

The purpose and need for the e~tablish~en~ of Stones Lakes National Wildlife
Refuge is Supported by the wildlifeand habitat values that charac~erize =he
area. The. l~cation of S~one Lakes to urban populations and 4evelopmen~
opportunities ~£or environmental education and interpretation bu~ threaten the
future availabili=y ~f the habitat.

565

C 071669
C-071101.570



COUNTY OF SACRAMENTO
DEPARTMENT OF PARKS AND RECREATION

October 1 7, 1 990 GENE W. ANDAL
RECREATION & PARK DirectorAND

FISH & GAME RICK CARUNCHIO
COMMISSION Assistant Director

DR. A.C. UBALDE, JR. Steve Roberts RON SUTER
Chalrman

JOHN W. ANDERSON Department of Water Resources Chief, Administration and
ROBERT J. BASTIAN P.O. Box 942836

Leisure Services

GEORGE DUPRAY ROY IMAI
ANN M. KOHL

Sacramento, CA 94236-0001

Chief, Planning & Development

COUNTY SERVICE
AREAS

Enclosed please find the executive summary of the
#3 Rio Linda/Elverta
#4B Wilton/Cosumnes North Stone Lake Resource Analysis that has been
#4C Delta prepared for us by EA Engineering, Science, and Technology.
#4D Herald

Also enclosed is a set of the tables that wi!l .appear
in the completed document.

EA will be sending me the final, complete resource
document within a week. I wil! forward a copy of it
to you as expeditiously as possible.

I hope this information will assist your agency in
the preparation of the EIR on the North Delta water
facilities project.

Yours truly,

Lois Wright
Environmental Analyst

LW IP950. 000
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NORTH STONE LAKE RESOURCE ANALYSIS ’ EXECUTIVE SUMMARY

INTRODUCTION

This document summarizes the results of an analysis of resources at the County of Sacramento,
Department of Parks and Recreation’s proposed North Stone Lake Wildlife Refuge. The analysis
was conducted by EA Engineering, Science, and Technology (EA) from July 1989 until July
1990.

BACKGROUND

The proposed North Stone Lake Wildlife Refuge encompasses 2,570 acres owned or managed by
the County of Sacramento. This figure includes the 132-acre lake surface, but not the 65.4 acres
of borrow channel along the western edge of the property or the 16.4 acres of CALTRANS land
north of the lake, at the Elk Grove Boulevard overpass of Interstate 5. The property lies within
the lower basin of the Morrison Creek watershed, located south of the city of Sacramento.
Originally an overflow area of the Sacramento River, r,1o_e flood plain today consists of valley
lands ranging in elevation from three feet below to 16.6 feet above mean sea level,        The
area is rich in riparian, wetland, and grassland vegetation, supports a diverse assemblage of fish,
amphibians, reptiles, mammals, and birds, and is an important stop along the Pacific flyway for
migratory waterfowl.

Activities of federal, state, and local agencies and organizations in the Sacramento Valley over
the past decade have resulted in a number of programs and plans to protect and enhance wildlife
resources. A consequence of the growing concern over habitat preservation and restoration are
the various projects currently in existence or in the planning stages in the Central Valley,
including the Nature Conservancy’s Cosumnes River Preserve, the California Department of Fish
and Game’s proposed Yolo Basin Wildlife Area, and the U.S. Fish and Wildlife Service
proposed Stone Lakes Wildlife Refuge. A cornerstone of the USFWS effort is the Sacramento
County Department of Parks and Recreation’s proposed North Stone Lake Wildlife Refuge. The
purpose of this report is to serve as the basis upon which future land use planning and
management decisions for the North Stone Lake property will be based.

GROUNDWATER HYDROLOGY

North Stone Lake occupies an area of the eastern Sacramento River flood plain that has been
created by intermittent streams, which are eastern tributaries of the Sacramento River. The
North Stone Lake area and vicinity are composed of a flat terrain at elevations from -3 to about
16.6 feet above msl.

Groundwater within the North Stone Lake property occurs in unconfined and confined
conditions at depths of 30-40 feet. It flows eastward towards Franklin Blvd., where its elevation
drops to 70 feet below msl, at a hydraulic gradient of about 0.002, about 12 feet per mile. The
Stone Lake area itself has not been affected by intensive groundwater use, because of its
closeness to the Sacramento River, which, through infiltration,prevents groundwater levels from
declining significantly.

Groundwater contained in the water-be,wing materials underlying most of Sacramento County is
of excellent quality for irrigation and domestic use (DWR 1974). In the Stone Lakes area it has
a calcium--magnesium bicarbonate character. The concentrations of iron and manganese in
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groundwater in the study area do not constitute a public health hazard, but iron and manganese
tend to precipitate as insoluble hydroxides and stain laundry and porcelain fixtures, and they
change the odor of the water and cause an unpleasant taste.

To provide drinking and potable water from a well in the proposed Stone Lake Wildlife Refuge,
a well 150-200 feet in depth would have to be constructed west or northwest of North Stone
Lake, where stream channel deposits occur, in a place that would be accessible to a drilling rig.

SURFACE WATER HYDROLOGY AND FLOODING

North Stone Lake lies within the Morrison Creek drainage basin at the north end of the
Sacramento/San Joaquin Delta in central California. Flooding of the Beach/Stone Lakes basin is
common, with damaging floods occurring on the average of once every three years.

The borrow channel between the site and the Southern Pacific Railroad (SPRR) tracks acts as a .
conduit between Lower Beach Lake, North Stone Lake, and South Stone Lake. When North
Stone Lake water surface elevation is 5 feet or more above msl, water flows through the North
Stone Lake drain, under Hood-Franklin Road, into South Stone Lake. Water from the borrow
channel and South Stone Lake rejoin in the marsh south of South Stone Lake and continues
downstream, under Lambert Road, into Snodgrass Slough, a backwater of the Cosumnes and
Mokelumne Rivers.

The Lambert Road structure,located south of South Stone lake, was built by local landowners in
1920 and consists of a bridge with several flapgates, designed to prevent backwaters in
Snodgrass Slough from flowing upstream into the Beach/Stone Lakes basin. The bridge and
flapgates have structurally deteriorated over the years and several of the flapgates, designed to
prevent reverse flows, are stuck partially open, allowing water to flow from Snodgrass Slough
into the Beach/Stone Lakes basin when Snodgrass Slough water surface elevations exceed those
of South Stone Lake. Tidal effects are now detectable as far north as the levee separating Lower
and Upper Beach Lakes and during severe storm events, Lambert Road is overtopped when local
water surface elevations exceed 11.1 feet above msl. The Corps of Engineers has recommended
the raising of Lambert Road and the reconstruction of the Lambert Road outlet structure to
prevent flood flows from entering the Beach-Stone Lakes area from Snodgrass Slough, a
backwater of the North Delta. Completion of the proposed Lambert Road facility will limit
upstream flow into North Stone Lake to infrequent storm events and prevent reverse flow during
nonstorm conditions.

The California Department of Water Resources and the U.S. Army Corps of Engineers are
currently cooperatively conducting a North Delta Water Management study. Potential flood
control measures could significantly lower the water surface elevation in Snodgrass Slough and
in turn, lower flood levels in the Beach-Stone Lakes area.

Continued strengthening and raising of Delta levees will reduce the potential for levee failures,
could result in higher Delta water levels, which in turn could result in increased flood water
levels in the Beach-Stone Lakes area.

The primary factors affecting water surface elevations at North Stone lake therefore, are: (1) the
rate of inflow from Morrison Creek and local tributaries, (2) the water surface elevation of
Snodgrass Slough, (3) the water surface elevation in the Cosumnes River floodplain, (4) the
periodicity of water surface fluctuations, (5) the available water storage volume, (6) flow
constrictions within the local hydraulic network, (7) the elevation of the Lambert Road levee and
bridge, and (8) pumping from the North Stone Lake and Beach Lakes vicinity.
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WATER QUALITY

Urbanization and agricultural practices in the Morrison Creek basin have resulted in maintenance
of a low summer flow, derived principally from lawn irrigation, wastewater flows from urban
areas, and agricultural return flows. These sources may have significant impacts on water
quality.

USACE measurements of water quality within the Morrison Creek Basin from 1982 through
1984 indicate that inorganic chemical concentrations exceeded water quality criteria designed for
the protection of human health and freshwater aquatic life.

EA conducted a water quality monitoring study at North Stone Lake in 1989-90. Heavy metal
concentrations in water samples did not substantially exceed criteria for the protection of
freshwater aquatic life. Arsenic levels in all samples however, exceeded the criterion for
protection of human health.

SOILS
;

The soils map (Map 5) at the end of the resource analysis document can be used to evaluate: (1)
alternative sites for small structures; (2) alternative routes for access roads and trails; (3)
alternative sites for septic tank absorption fields; (4) proposed drainage systems, irrigation
systems, ponds, terraces, and other water management structures; and (5) and identify areas of
the site where more detailed soil investigations are needed.

Table 5-2, which is included in this summary, shows the degree and kind of soil constraints that
affect above-ground structures, roads and trails, shallow excavations, and septic tank absorption
fields. Limitations are considered slight if soil properties and site features generally are
favorable for the indicated use and constraints are minor and easily overcome; moderate if soil
properties or site features are not favorable for the indicated use and special planning, design, or
maintenance is needed to overcome or minimize soil constraints; and severe if soil properties or
site features are so unfavorable or so difficult to overcome that special design, significant
increases in construction costs, and possibly increased maintenance are required. Special
feasibility studies also may be required where soil constraints are severe.

Soil limitations in the North Stone Lake area are generally severe for above-ground structures
and all-weather roads. Slight limitations for above-ground structures exist in soil units mapped
as Tinnin loamy sand on isolated mound~ in the southwestern portion of the study area.

Soil constraints are generally severe for paths and trails in the North Stone Lake area, except in
relatively small areas of Clear Lake, Tinnin, and Galt soils, where limitations are moderate.
Construction of paths and trails for facilities maintenance [md recreational use generally requires
little or no cutting and filling.

Soil limitations for shallow excavations in the North Stone Lake area are generally moderate to
severe. Shallow excavations are holes or trenches dug to a maximum depth of 5 or 6 feet for
utility lines, irrigation ditches, or other purposes.

Soils in the North Stone Lake area have severe limitations for septic tank absorption fields.

Soils in the North Stone Lake area generally have moderate to severe limitations for use as
embankment fills.
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TABLE 5-2    ~OIL ~ATIC~ ~ BUILDD~ SITE D~ AND 7~ITAKY F/~ffILITII~                                                                                           ~

a. Source: Soil mu,-vey of .C~acrar~nto County~ California (Tu~el 19~,5~.



TABLE 5-2 ~Contimu~!~                                                                ~

~ept lc Tank
Soil ~ Above.round Structures ~ Kll-Neather~t ~d.~ Patt~ and Tratl.~ Shallow ~_~n~rattor~ Ahsorp. tton

Gait clay ~ (flooding, Sex~e (lo~ strength, ~ (too ~ (een~nted pan, ~vere (cemented
shrlnk-s~ell) shrink-s~ell ) clayey) cutbanks cave) percs slowly)

San Joaquln-Galt c~mplex See aboveb
See above See above ~ee above See above

Durlxeralfs-Galt o~mplex No datac No data No data No data No data

Open W~ter N/A N/A N/A N/A N/A

b. Areas mapped as San Joaquln-Calt complex consist of San Jo~quin silt lo~m o~ low mountls and C~It clay in the inter~m~ing small
depressions.

c. Areas mapped as Durlxeralfs-C.alt ocmplex occur in a narrow strip: along the west side of Interstate 5. They are altered soils for which

no data on limitations have been described.



Construction of irrigation pipelines and drains may be limited by the presence of a cemented pan
in the subsoil. The Egbert clays in the North Stone Lake area have been extensively developed
for irrigated pasture.

VEGETATION AND VERNAL POOLS

A floristic and vegetation survey was undertaken in the North Stone Lake area to inventory and
map existing vegetation and to determine whether any rare, threatened, or endangered plant
species are present on the site.

Some 102 (46 percent) of the species and infraspecific taxa are non-native plants that have
become established in the lowlands of central California or have been introduced on the site
through cultivation.

Non-native Grassland: Non-native grassland is the predominant vegetation type in the North
Stone Lake area, covering 81 percent of the site. Except for the annual tarweeds (Hol0carph~
~ and Hcmiz0nia luzulaefolia ssp. ~!dJ.~, which become locally abundant in the fields
northeast of the lake, very few native plants are found in the grasslands during the dry summer
months. Yellow star-thistle (.Centaurca solstitialis), a non-native weed has become locally
abundant along the main access road south of the lake and elsewhere in the southwestern portion
of the study area. It is unpalatable to livestock and troublesome to both hikers and equestrians.

The grasslands surrounding North Stone Lake have been used as livestock winter pasture for the
past several decades, and presently, they do not support extensive stands of native perennial
grasses. Native grasses, which are locally common to abundant over small areas in seasonally
moist grassland, include creeping wildrye (~ triticoides), meadow barley (Hordeum
¢alif0rnic~m), and Lemmon’s Canarygrass (Phalari~ lcmmonii). Valley saltgrass (Di~tichli~
~ var. nana), an indicator of saline soils, is also locally abundant (presumably on sites of
old salt licks).

Northern Hardpan Vernal Pg01 -- Tree vernal pool vegetation is of limited distribution and extent
in the North Stone Lake area. Naturally occurring pools were found at three locations in the
eastern and northeastern parts of the study area. Other Shallow natural depressions occur in
grassland more-or-less throughout the study area and are especially numerous on the low terrace
landform of the northeast quadrant. Most of these grassrdominated depressions contained small
areas of vernal pool vegetation.

The occurrence of vernal pools and similar habitats in the North Stone Lake area thus represents
an opportunity to protect and enhance one of the state’s most distinctive and threatened wetland
ecosystems.

Valley Freshwater Mar~h -- Freshwater marsh vegetation occupies permanently flooded areas on
the western shore of North Stone Lake and across the bed of the lake’s southern arm. It is also
found along sections of the borrow channel that form the western boundary of the site and on the
beds of three arms of this channel that extend eastward into the study area.

Great Valley Riparian F0re~( -- Riparian forest is of limited extent in the North Stone Lake area,
but nonetheless it is one of the most important wildlife habitats on the site.

The largest stand of riparian forest in the study area is located on the south arm of North Stone
Lake. Dominant trees include (in decreasing order of abundance) black willow (Salix gooddingii
vat. variabili~), yellow willow (_Salix lasiandra), and Fremont’s cottonwood (Populus fremontii).
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Riparian forest is also found (1) along sections of the borrow channel formingthe western
boundary of the site and (2) on the margins of the three arms of this channel that extend eastward
into the study area.

The riparian forest habitat at North Stone Lake is composed almost entirely of mature trees, with
the seedling and sapling stages nearly absent and the understory similarly lacking a well-
developed shrub layer. The skewed age-class structure and noticeable lack of regeneration of
trees in the riparian forest of the area is probably related to long-term use of the site as livestock
pasture. For example, the few young valley oaks that were found in the grasslands of the site
have been browsed into rounded shrubs.

Irrigated Pasture -- Irrigated pasture lands cover most of the area between North Stone Lake and
the western borrow channel. Irrigation water is obtained from the borrow channel by means of a
series of small electric pumps and distributed through a concrete pipeline system. Water
advances across the fields by gravity flow, eventually entering North Stone Lake.

Geomorphic and soils data suggest that those fields now in irrigated pasture at one time
supported marshland vegetation. The fields have been used as summer livestock, pasture for
many years, and when properly managed they are well suited for this purpose. Without
continued summer irrigation, however, the area will lik,_ely revert to annual-type grassland.

Introduced Trees -- Introduced trees are of limited distribution in the North Stone Lake area. A
small stand of black locust trees is found along the main access road as it crosses the sandy
mound, southwest of the lake. Although not native to the site or to California, these trees are an
enduring landmark indicating the former homesite of the old Elliot ranch.

A planted hedgerow of Osage-orange (Maclura pomifera) trees extends for a quarter mile on the
north side of Hood-Franklin Road, immediately west of the south entrance to the refuge.

Rare, Threatened and Endangered Plants. -- A previously undocumented occurrence of the dwarf
downingia (Downingia’~) was discovered within the North Stone Lake property in mid-
April 1990. Dgwningia ~ is not currently listed as rare, threatened, or endangered.
Although the available data suggest that D. ~ is probably not in immediate danger of
extinction, a significant portion of its habitat has been eliminated by agriculture and other
anthropogenic uses.

No other rare, threatened, or endangered plant species were found during field surveys in the
North Stone Lake area.

WETLANDS

A wetlands assessment of the North Stone Lake area was conducted concurrently with the
vegetation survey.

The lake bed is permanently flooded, but water levels fluctuate periodically in response to local
flooding after heavy winter rains and a tidal influence extending northward into the area from
Snodgrass Slough. The current summer water surface averages 2 feet above mean sea level.

Riverine wetland~ -- habitat is found exclusively within the borrow channel forming the western
boundary of the North Stone Lake area. Although the channel gradient is low, the banks are
rather steep and there is no well-developed floodplain.
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Forested Wetlands -- Forests of broad-leaved deciduous trees occur (1) on the south arm of
North Stone Lake, (2) along sections of the borrow channel forming the western boundary of the
site, and (3) on the margins of the three arms of this channel that extend eastward into the study
area.

Emergent Wetlands -- Frequency and duration of inundation appear to be the most important
determinants of vegetation structure and species composition in emergent wetlands of the North
Stone Lake area.

The seasonally flooded emergent wetlands on the site offer valuable foraging habitat for
migratory waterfowl, and yet they cover the smallest acreage of any wetland type in the North
Stone Lake area.

WILDLIFE RESOURCES

The pristine Sacramento River Delta, in which the Beach/Stone Lakes basin is situated, was,
before 1850, largely a tidal marshland of about 400,000 acres, surrounded by 200,000-300,000
acres of slightly higher lands and shallow backswamps behind natural alluvial levees. The area
was covered with dense tules, willows, cottonwoods; sycamores, white alders, and valley oaks
which, along with adjacent higher vegetation, teemed with more than 250 species of birds and
mammals. The Sacramento River Delta was then one of the most significant areas of waterfowl
concentration in California, supporting ducks, geese, swans, and other waterfowl in great
numbers during the winter migration. In addition to many furbearers, such as river otter, bobcat,
and grizzly bear, great herds of antelope, tule elk, and deer roamed in and around the Delta.

Soon after the onset of the gold rush of the 1850s, reclamation of the swamp and marshlands
along the Delta waterways began. Subsequent levee-building and reclamation of the Delta lands
irreversibly altered the physical appearance and function of the area. Reclamation eliminated
much of-the waterfowl and passerine nesting habitat of the ancestral Delta, gradually converting
it into the complex system of managed channel and slough aquatic habitats, occasional remnants
of riparian forests, and urban habitats which together now characterize the area.

The major wildlife habitats at North Stone Lake include the following:

1. Ann~al and perennial ~rasslands (AGS, PAS). This habitat type incorporates irrigated
pasture and other grazing-lands at North Stone Lake. These grasslands surrounding the
lake and borrow channel provide important foraging habitat for raptors and other wildlife
species and are used by ground-nesting passerine birds and waterfowl. They attract one
of the most important concentrations of sandhill cranes in California.

2. Riparian forest and shmb-br0~h (VRI). Mature riparian forest, consisting of stands of
large cottonwoods and willows, offer the most diverse habitat resources for birds and
other wildlife. Their value is made even more significant by their limited distribution
and by the added resources they provide to wildlife in adjacent habitats. Although the
structural diversity and specialized microhabitats in riparian shrub-brush are fewer than
in mature woodlands, that habitat is also heavily used by wildlife and is significant in
maintaining many species of birds and mammals.

3. Freshwater emergent marsh (FEW). The nontidal marshes at North Stone Lake are
small remnants of the "backswamp" overflow lands (seasonal floodplains) that once
covered large expanses of the Delta behind natural berms and levees, and they may be
significant vestiges of the "pristine" Delta. The density of vegetation in these marshes
determines their use by wildlife. Dispersed stands may be used by shorebirds, while
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denser stands can provide shelter for rails and wrens. Muskrat and beaver use such
marshes for food and shelter and with sufficient areas of marsh and open water, beavers
are less likely to use levees as lodge sites.

4. Channels and Open Water (LAC). These bodies of water were formed either as
trapped, formerly tidal sloughs and old overflow channels in the floodplain or as part of
marshes lying behind levees. The reduced flow in the quiet backwaters of the channels
and lake permits an extensive floatirg plant community to develop, providing essential
habitat for native resident fish, amphibian, reptile, bird, and mammal species.

The wildlife habitats present at North Stone Lake can support an unusually rich fauna, including
a number of species listed in Table 8-2 (included in with this summary), that have some form of
legal and/or protected status.

Fish -- Fish were sampled in November1989 and June 1990. Maximum lake depth was never
more than 8 feet (at the center of the lake), and water temperature was measured at 16 degrees C
during the November sampling and 25 degrees C during the June sampling. :

The numbers, mean lengths, and weights of the fish caught at North Stone Lake during these
surveys are listed in Tables 8-5 and 8-6 of the resource~analysis document.

Rcptil¢~ ~tnd Amphibian~ -- Amphibians and reptiles were either collected in pit traps in suitable
habitat or by daily searches under logs and rocks. Western pond turtles were regularly observed
basking in the sun on logs and rocks in the borrow channel and in the marshy area at the south
end of the lake. The giant garter snake was observed at a few locations along the borrow
channel and the lake edge.

Birds -- The first formal bird surveys at North Stone Lake were performed in November 1989.
The bird community at that time of year (27 species observed) consisted mainly of migrating and
resident waterfowl, foraging raptors (northern harrier, red-tailed hawk, American kestrel, and
prairie falcon) and kingfishers, and of resident passerines (red-winged blackbirds, homed larks,
savannah sparrows, and western meadowlarks). The species observed in the greatest numbers
were usually found at the northern end of the lake and consisted mainly of migrating waterfowl.
A small population of American white pelican (25) appeared to be resident in the area
throughout the period.

Bird activity at the lake was again surveyed in January 1990. Winter-resident waterfowl were
among the most typical of the 32 species observed. Raptors, including northern harriers, red-
tailed hawks, American kestrels, prairie falcons, golden eagles, and short-eared owls were
observed foraging over the grasslands.

By far the greatest species diversity (more than 80 species) and abundance of birds at North
Stone Lake was observed during the spring. A pair of Swainson’s hawks regularly foraged at
North Stone Lake during the spring and early summer. An immature goshawk was observed at
the rookery on several occasions during the spring and an accipiter "plucking post" was found
littered with egret feathers and pieces of bone and flesh from recent kills. On one occasion, a
second goshawk was observed flying and vocalizing over the rookery with the first. The
tricolored blackbird was not observed during the spring of 1990, but a nesting colony was active
between the borrow channel and the lake in late spring and early summer of 1989.

Mammal~ -- California voles, western harvest mice, and deer mice were the most common
mammal species on the property. A badger den was found in the grassland area south of the bird
rookery. Evidence of river otter activity was found along the borrow channel and the southern
portion of the lake. Coyotes and foxes (red and gray) were observed on the site, along with
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TABLE 8-2 SPECIAL STATUS SPECIES OBSERVED AT THE NORTH STONE LAKE
AREA, 1989-1990

Common Name Scientific Name Statusa..

Aleutian Canada goose Branta canadensis FE
Tri-colored blackbird Agelcu’us tn’color 2
Swainson’s hawk Buteo swainsoni~ c"r, 2
Giant garter snake Thamnophis couchi CT, 2
Western pond ~turtle Clemmys marmorata CSC, 2
American white pelican Pelecanus erythrorhynchos CSC
Double-crested cormorant Phalacrocorax auritus CSC
California gull Larus californicus CSC
Golden eagle Aquila chrysaetos CSC
Northern harder Circus cyaneus CSC
Northern goshawk Accipiter gentilis CSC
Prairie falcon Falco mexicanus CSC
Yellow warbler Dendroica petechia CSC
American badger Taxidea taxus . CSC
California tiger salamander Arnbystoma tiglOn_urn CSC

a. FE = Federally endangered species; 2 = Federal Category 2 candidate endangered species;
CT = California threatened species; CSC = California species of concern.
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beaver, muskrat, racoon, and skunk. Columbia black-tailed deer were seen in the riparian habitat
along the borrow channel north of the lake.

The results of wildlife surveys at North Stone Lake indicate that the area currently supports a
diverse community of fishes, amphibians, reptiles, birds, and mammals. While riparian and
marsh habitats have been degraded by agricultural and livestock practices over the past decades,
many of the grassland areas (except for vernal pools and temporary wetlands) do not seem to
have suffered greatly from grazing activity. Considerable opportunity exists for enhancing and
restoring riparian, freshwater marsh, and perennial grassland habitats on the site, and existing
irrigated pasture could be planted to augment waterfowl food resources. Continued limited
grazing, if properly administered on portions of the property, could stimulate seeding and growth
of perennial grasses. Effective planning and management of the proposed North Stone Lake
wildlife refuge will depend on careful consideration of the unique wildlife communities and
species occurring there and the opportunities and constraints identified in the resource analysis
presented here.

HISTORICAL AND CULTURAL RESOURCES

PAR ENVIRONMENTAL SERVICES, INC. (PAR) contracted with EA Engineering, Science,
and Technology (EA) to conduct the cultural resources investigation.

Ethnography -- At the time of Euroamerican contact, the project area was occupied by members
of the Plains Miwok ethnographic group. North.Stone Lake was probably shared by the
Gualacomne and Chupumne tribelets.

~ -- Settlement and use of the marsh lands in the North Stone Lake vicinity was possible
only as a result of the substantial reclamation effort that was started before 1856.

By 1903, land owners within or adjacent to the project included John Elliot (3,566 acres),
William Johnston (385 acres) and the Farmers and Merchants Savings Bank (1,003 acres). John
Elliot continued to expand his ownership and by 1923 his ranch encompassed some 4,396 acres
around North Stone Lake.

Before 1915, growth in the region led to the construction of the Sacramento Southern Railroad
(now owned by Southern Pacific Railroad) and the Great Western Power Company electric
transmission line (located along the same alignment as the existing power line) (Punnett Brothers
1908; Weber 1914).

The property was in the Elliot family for approximately 60 years, until it was sold to a developer
named McKeon in 1961. However, the County of Sacramento had designated the region around
North Stone Lake as a permanent agriculture and recreation reserve in 1956, and no development
occurred. Cattle gazing was permitted on the study site until the fall of 1989.

Re~0urc~ Analysi~ -- A total of seven archaeological sites were recorded by PAR within the
North Stone Lake project. Site records and a comprehensive cultural resources location map are
provided in a separate report.

Artifactual materials noted at one site (NSL-S-1) include sparse flaked stone bifaces and
debitage, fragments of baked clay objects, a soapstone pipe bowl fragment, and both Olivella
and clam shell beads. Unmodified shell, fire cracked rock and several pieces of human bone
(recently exposed by rodent activity) were also noted.
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The remains of an historic occupation are evident on a small knoll south of North Stone Lake
(NSL-S-2). The site contains domestic and structural artifacts, including bottle glass, ceramics
(including Chinese brown ware), bricks, and cut nails, appear to date to the early part of the
1900s.

Remains from another site (NSL-S-5), located near the shore of North Stone Lake, includes one
clam shell disk bead, one shard of baked clay, several pieces of unmodified clam shell, and
small, unidentifiable bone fragments (some of which are burned).

The recorded resources represent a range of human occupation and use of the project area over
the past 1,500 years or more.

A substantial body of scientific data is undoubtedly present at some of the prehistoric locations.
There may also be strong Native American cultural ties to these former use areas, particularly
those containing human burials. For these and other reasons, several of the archaeological sites
at North Stone Lake warrant special management considerations.

The 1989 cultural resource investigation resulted in the recording of five newly discovered pre-
historic and historical archaeological sites within the North Stone Lake project. Two previously
recorded locations were relocated, and the site record gorms were updated by PAR. Three
additional prehistoric mounds that were noted in the vicinity in the past were not evident in
1989, although buried cultural materials may very well remain at these locations.

Several of the identified resources may be considered "important" under the definitions of the
CEQA Guidelines or as eligible for inclusion in the NRHP (National Register of Historic
Places).

LAND USE

The 2,570-acre North Stone Lake property is presently all under open space designation and use
and predominantly uncultivated, including rangeland previously used for cattle grazing.

The Laguna Creek Ranch project, north of Elliot Ranch Road, is the largest site in transition
from open space to urban use. Sites to the north and east of the North Stone Lake project area
are also subject to urban development pressure.

Upcoming revisions to the County of Sacramento’s land use plan will revise the Agricultural-
Recreational Reserve category to Resource Conservation. This Resource Conservation
designation may be applied to the agricultural lands immediately east of North Stone Lake (both
north and south of Hood-Franklin Road) and to areas farther south. In addition, the new land use
plan is creating a Natural Preserve designation to be applied to both North Stone Lake and South
Stone Lake and along Morrison Creek.

Circulation and Access-- Access to the site is currently limited to two gates. One entrance is at
the western edge of the paved overcrossing of-I-5 at the Elk Grove Boulevard extension (south of
Elliot Ranch Road). Another access point is a gate off Hood-Franklin Road, 2,560 feet due east
of the old Southern Pacific Railroad (now the State Railroad Museum Railroad) tracks. Interior
access from the two gates consists of unimproved private roads.

Road~ -- Hood-Franklin Road, from the community of Hood to I-5, is a planned arterial. Hood-
Franklin Road East, from 1-5 to the community of Franklin at Franklin Boulevard, is planned as
a thoroughfare beyond the year 2000. From Hood-Franklin Road, at the community of Franklin

~578

C--071 682
C-071101.583



northward to Elk Grove Boulevard, Franklin Boulevard is a planned arterial with four lanes and
55 mph speed limit.

Elliot Ranch Road is a two-lane local street that is planned to remain a local street. It connects
the Elliot Ranch (Lakeside) and Laguna Creek Ranch development projects with Highway 99.

I-5 is operating at or above current capacity. It will need to be expanded in the 1990s if growth
occurs as projected in southern Sacramento County.

R~ilroads -- The California State Railroad Museum tracks form much of the project’s western
boundary. The tracks are to be refurbished for an excursion railway between Old Sacramento
and the community of Hood, 6 miles south of Freeport. The railway is not yet in operation.

F0tlare Facilities -- A significant transportation project within the North Stone Lake study area is
the proposed Elk Grove Boulevard interchange with I-5. No public access is to be provided to
the west (South-bound) side of 1-5 at the Elk Grove interchange.

The Hood-Franklin Road Bridge is proposed to be replaced with a new bridge, and the road
realigned.

Sacramento County’s Major Street and Highway Plan does not indicate any extensions of
existing roads into the North Stone Lake site.

Sacramento County is in the process of revising the Land Use Element of the General Plan. The
draft Land Use diagram may indicate potential Park and Ride facilities at the three 1.5
interchanges affecting North Stone Lake: Hood-Franklin, Elk Grove, and Laguna. The
compatibility of these potential parking lots with the overall plan for North Stone Lake will need
to be evaluated.

Bikeway~ -- There are no completed or proposed bikeways in the North Stone Lake property.

Despite transfer of the North Stone Lake property to public ownership in the early 1970s, public
access to the site has remained restricted.

With the exception of a refuge sign, two locked steel gates, and a few roads, there are no
developed recreational facilities at the North Stone Lake site.

RECREATION

In addition to its open space values, the North Stone Lake property offers the potential for
unique recreational and educational experiences associated with its outstanding display of
natural resources. North Stone Lake offers one of the few remaining examples of the Central
Valley’s natural landscape. The site is one of the last remaining natural freshwater lake habitats
in the Central Valley, and it supports one of the most unique and diverse populations of birds,
fish, and animals in the state (The Resources Agency of California 1972). More than 100
different bird s.pecies have been identified in the area. The area’s aquatic habitat produces an
impressive variety and abundance of fishery resources, and the site’s riparian areas represent
remnants of the diversified plant communities once typical of California’s Central Valley. The
opportunities for observation, study, and interpretation of the area’s unique and varied flora and
fauna are outstanding.

579

C--071 683
C-071101.584



Excellent opportunities exist for passive recreationaiand educational pursuits such as enjoying
the aesthetics of the area, seeking open space and solitude, and observing wildlife. Opportunities
for more active forms of recreation such as fishing, hunting, boating, and a variety of trail uses
may also exist at the site..

The greatest opportunities at the site, in terms of high-value recreational experiences, are for
nature study and interpretation oriented towards the site’s unique wildlife and riparian
environment. These recreational uses represent opportunities not readily available elsewhere in
the region.

AESTHETIC AND VISUAL RESOURCES

The lake itself~ the associated riparian vegetation and marshland, and the wildlife species
supported by such habitats are the primary scenic attributes of North Stone Lake. Although
more common and less scenic than the lush riparian forest, the open valley grasslands that make
up a large majority of the site provide an appropriate backdrop, as well as a sense of open space
and a reprieve from the dense urban development which threatens to surround the site.

The Stone Lakes region is an almost pristine example o_f one of the nine natural landscape
provinces in California, the Great Valley Province.

There are two vista points that can be seen from several areas of the North Stone Lake property.
There are distant views of Mount Diablo to the south that can be seen from most of the open
grassland areas. There are distant, panoramic views of the Sierra Nevada Mountain Range to the
east, visible on clear days from most of the site.

The bird rookery on the southern portion of the lake, the grove of Locust trees located north of
the Hood-Franklin Road gate, and vernal pools scattered throughout the grassland areas are
features considered to be of special aesthetic value,

The two major negative features are the Pacific Gas and Electric (PG&E) 230-kV transmission
line that traverses the southeast corner of the site, and Interstate 5 (I-5), which forms the western
site boundary.

The area with the greatest positive auditory character is the bird rookery. This area supports
breeding activities throughout much of the spring and early summer for hundreds of birds,
including blue and black-crowned night herons and great and snowy egrets. The intense activity
associated with mating, nesting, and rearing produce a cacophony of bird sounds rarely
experienced in the surrounding environs of the Valley. Because of the uniqueness of this
experience, the auditory sounds associated with the rookery are considered to be a positive
auditory feature.

.Another common auditory resource experienced throughout most of the site outside the rookery
and the I-5 corridor is the relative absence of noise--often referred to as "peace and quiet."

The one major negative feature that affects the auditory experience of the North Stone Lake site
is the Interstate 5 traffic corridor.
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TABLE 3-I FREQUENT STORMS HYDRAULIC ANALYSIS

Peak           Pump           Peak          Peak
Inflow        Capacity        Outflow        WSE

Condition             (cfs)           (cfs)            (cfs)         (ft)

0.5-Year Event

Existing                   2,310            --                  350            4.7

Future
Alternative I         5,990           1,500               365            4.7
Alternative 2         5,990           1,000               360            4.7
Alternative 3        5,990            330             450           5.8

2-Year Event

Existing                  3,950           --                 430           5.9

Future
Alternative I        10,200          1,500              500           6.3
Alternative 2       10,200          1,000              500           6.3
Alternative 3       ]0,200             330              620           7.5

5-Year Event

Existing                  6,~00           --                 570           7.4

Future
Alternative I        14,300          1,500              660           8.0
Alternative 2       14,300          1,000              660           8.0
Alternative 3       ]4,300            330              750           8.8
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TABLE 3-2      NORTH STONE LAKE WATER SURFACE ELEVATIONS

Future Land Usea
Existing Without        With

Conditi6ns Project       Projectb

Standard Project Flood              15.2              15.4            13.8
100-Year Flood                        14.0              14.1             ]].2

50-Year Flood                       13.2             13.3            10.8
25-Year Flood                          12.1               12.3             10.2
10-Year Flood                          9.2               9.5              9.3

a. Projected, 204S.
b. With-project condition includes channel improvements up to

the 800 cfs limit and a new bridge structure and road
embankment at Lambert Road.
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TABLE 3-3      ANALYSIS OF THREE-DAY STORM EVENTSa

Existing Land Use          Future Land Use
Without      .With          Without      With
Project     Project        Project     Project

]00-yr 3-day storm        14.5          ]2.6            14.6          12.8
10-yr 3-day storm        11.3          11.2             11.8          11.8

a. Source: Gill and Pulver, 1988.
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TABLE 4-I       WATER QUALITY CRITERIA FOR INORGANIC CHEMICALS

Protection of
Inorganic Protection of         Freshwater
Chemical Human Health          Aquatic Life

(Micrograms/Liter)

Arsenic                   0.0022              190

Cadmium                 I0                      0.55

Chromium          170,000                       98

Copper            170,000                       5.4

Lead                     50                       0.99

Mercury                    0.144                   0.012

Selenium                10                       5

Zinc                 5,000                      49

Sources: Marshack. J.B. September 1988. A Compilation of Water
Quality Goals. California Regional Water Quality
Control Board, Central Valley Region.

EPA. 1986. Quality Criteria for Water 1986. EPA
440/5-86-001.
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TABLE 4-2 WATER QUALITY MEASURED FOR THE NORTH AND SOUTH ARMS OF NORTH STONE LAKE

North Arm                        South Arm
12 Sep 89     04 May 90       12 Sep 89     04 May 90

Biochemical Oxygen Demand, mg/L             8               8                10

Non-filterable Residue (TSS), mg/L         26              60                30              34

Orthophosphorous, mg/L                         0.1             0.14              0.1             0.15

Salinity, ppt

Nitrate (as NO3), mg/L                       <0.4           <0.4             <0.4           <0.4
Arsenic, mg/L                                     0.006          0.005             0.006          0.004

Cadmium, mg/L                                   <0.01           <0.04             <0.01           <0.04

Copper, mg/L                                     <0.02          <0.08             <0.02          <0.08

Lead, mg/L                                       0.001         <0.3             <0.001         <0.3

Mercury, mg/L                                     <0.0001        <0.0001           <0.0001        <0.0001

Selenium, mg/L                                 <0.002         <0.002           <0.002         <0.002

Zinc, mg/L                                          0.03           <0.05               0.02           <0.05
Conductivity, umhos/cm                                         350                                 320

Fecal Coliform, MPN/100ml                                      4                                  4



TABLE 5-I ACREAGE AND PROPORTIONATE EXTENT ~OF SOIL TYPES
IN THE NORTH STONE LAKE AREA, S~CRAMENT0
COUNTY~ CALIFORNIA

Percentage of
Soil Type                       Acreage        Study Area

Fluvaquents                                             7.4.8                2.9
Egbert clay, drained                              218.5               8.5
Egbert clay, frequently flooded                ]9.5               0.8
Clear Lake clay                                    250.9               9.7
Clear Lake clay, hardpan substratum         122.7              4.7
Dierssen sandy clay loam                      1,060.3              41.0
Dierssen clay loam                                  25.6               1.0
Tinnin loamy sand                                  98.8              3.8
San Joaquin silt loam                            415.7              ]6.1
Galt clay                                              70.8              -2.7
San Joaquin-Galt complex                         91.6               3.5
Durixeralfs-Galt complex                         2].]               0.8
Open Water                                              I]5.2                4.5
TOTALS                                                2,585.5             100.0
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TABLE 5-2 SOIL LIMITATIONS FOR BUILDIN~ SITE DEVELOP~ AND SANITARY FACILITIES
IN r~ NOPa~ S~ON~ ~ Am~A, SAgO CCt~VrY, CALr~O~rIAa

Septic Tank

Soil T..vpe Above-Ground Structures All-Weather Roads Paths and Trails Shallow Excavations Absorption Fields

Fluvaquents SPJ~er~ (flooding) SPJ~_ne (flooding) SP.sier_e (flooding) SPJffP~_e (flooding) S_e_v_ene (flooding)

Egbert clay, drained Sey_er~ (low strength, Sey_er~ (low strength, Sey_er~ (too clayey) Moderate (too clayey, SgJgere (flooding,
flooding, skrink-swell) flooding, shrink.-swell) wetness, flooding) wetness, percs

slowly )

Egbert clay, frequently Se_v_er_e (flooding, ~ (low strength, Se_v~ (too clayey) ~erate (too clayey, ~ (flooding,
flooded shrink-swell) flooding, shrink-swell) wetness, flooding) wetness, percs

~ slowly)

Clear Lake clay Severe (flooding, S_ey_er~ (low strength, M~erate (too ~ (cut banks Severe (flooding,

shrink-swell) flooding, shrink-swell) clayey, flooding) cave) wetness, percs

slowly )

Clear Lake clay, hardpan ~ (flooding, ~ (shrink-swell, NCKIP~ (too SPJ~P~r_e (cut banks Severe (percs

substratum shrink-swell) low strength) clayey) cave) slowly)

Dierssen sandy clay loam Se_v_er_~ (flooding, SpJg~r_~ (shrink-swell, ~ (wetness) ~ (cemented S_e_v_er_e (flooding,

shrink-swell) low strength, wetness) pan, wetness) cemented pan,

wetness)

Dierssen clay loam S_e_v_ere (flooding, S_eg_er_~ (shrink-swell, S_eJ~ler~e (wetness) ~2ffp~r_e (ce~nted Severe (flooding,

wetness, shrink-swel!) low strength, wetness) pan, wetness) cemented pan,

wetness)

Tirmin loamy sand ~ ~ M~oderate (too ~ (cutbanks ~ (poor

sandy) cave) lilt er)

San Joaquin silt loam S_ey_er_e (flooding, S¢_v_er~ (shrink-swell,     Se_v_er~ (erodes Severe (cemented SPJ~e.r_e (cemented
shrink-swell) low strength) easily) pan) pan, percs

slowly)

a. Source: Sol] sur~ey of ~qacram~nto Cotmty, California (Tugel 1985).



TABL~ 5-2 (Continued),

Septic Tank

Soil T.vpe Above-Cround Structures ..... All-Weathered Roads Paths and Trails Sh~llow Excavatior~s Absorption Fields

Galt clay S_eT~e~_e (flooding, ~ (low strength, ~ (too SeJier~ (cemented pan, S_ey_er~ (cemented pan,

shrink-swell) shrink-swell) clayey) cutbanks cave) percs slowly)

San Joaquin-Gslt cc~plex See abo~eb See above See a~ove See above See above

Durixeralfs-Galt complex No datac No data No data No data No data

Open Water N/A N/A N/A N/A N/A

b. Areas m~pped as San Joaquin-Galt complex consist of San Joaquin silt loam on low mounds and Gait clay in the intervening smsil

depressions.
c. Areas mapped as Durixeralfs-Galt complex occur in a narrow strip along the west side of Interstate 5. They are altered soils for which

no data on limitations have been described.



~TABLE 5-3 SOIL LIMITATIONS FOR WATER MANAGEMENT IN THE NORTH o.
STONE LAKE AREA, SACRAMENTO COUNTY, CALIFORNIAa

Embankments,
Ponds and     Dikes and                                             Terraces and

Soil Type         Reservoirs       Levees          Drainaqe         Irrigation       Diversions

Fluvaquents             Slight        Severe          Frequently       :Frequently        Frequently
(flooding)      flooded           flooded            flooded

Egbert clay,            Slight        Moderate        High water        Slow intake,      Percs slowly
drained                                 (hard to        table              percs slowl~,

pack, wet-                         flooding
ness)

Egbert clay,            Slight        Moderate        High water        Slow intake,      Percs slowly
frequently~flooded                    (hard to        table              percs slowly,

pack, wet-                         flooding
ness)

Clear Lake clay        Slight        Moderate        High water        Slow intake,      Percs slowly
(hard to        table              percs slowly,
pack, wet-                          flooding
ness)

Clear Lake clay,       Moderate     Moderate        High water        Slow intake,      Percs slowly
hardpan substratum (cemented      (thin           table              percs slowly

pan)          layer, hard
to pack)

Dierssen sandy         Moderate     Severe          Percs slowly,     Wetness, percs Cemented pan,
clay loam               (cemented     (thin           cemented pan,     slowly,            wetness,

pan)          layer,           flooding          cemented pan      percs slowly
wetness)

a. Source: Soil Survey of Sacramento County, California (Tugel 1985).



TABLE 5-3 Continued)

Embankments,
Ponds and Dikes and Terraces and

Soil Type Reservoirs Levees Drainage Irrigation Diversions

Dierssen clay loam Moderate Severe Percs slowly, Wetness, percs Cemented pan,
(cemented (thin cementedpan, slowly, wetness,
pan) layer, flooding cemented pan percs slowly

wetness)

Tinnin loamy sand Severe Severe Well drained Droughty, fast Too sandy,
(seepage)~ (seepage, intake soil bl~owing

piping)

San Joaquin silt Moderate Severe (thin Perched water Percs slowly Cemented pan,
loam cemented layer) table erodes

pan) easily

Galtclay Moderate Moderate Perched water Slow intake, Cemented pan,
cemented (thin table percs slowly, percs slowly
pan) layer, hard cemented pan

to pack)

San Joaquin-Galt See aboveb See above See above See above See above
complex

Durixeralfs-Galt No datac No data No data No data No data
complex

Open Water N/~ N/A N/A N/A N/A

b. Areas mapped as San Joaquin-Galt complex consist of San Joaquin silt loam on low mounds and
Galt clay in the intervening small depressions.

c. Areas mapped as Durixeralfs-Galt complex occur in a narrow strip along the west side of
Interstate 5. They are altered soils for which no data on limitations have been described.



TABLE 6-I FIVE LARGEST FAMILIES OF VASCULAR FLORA, NORTH STONE LAKE
AREA, SACRAMENTO COUNTY~ CALIFORNIA

Native Plus Pct. of
Family Genera Naturalized Taxa All Taxa

Poaceae (Grass Family) 22 9 + 29

Asteraceae (Sunflower Family) 26

Fabaceae (Pea Family) 8 10 + 12 10

Brassicaceae (Mustard Family) 7 3 + 8 5

Polygonaceae (Buckwheat Family) 2 5 + 5 4
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TABLE 6-2    TEN LARGEST GENERA OF VASCULAR FLORA, NORTH STONE
LAKE AREAr SACRAMENTO COUNTYr CALIFORNIA

Native Plus
Genus                           Naturalized Taxa

Trifolium (clovers)                                  6 + 4

Polygon~m (knotweeds, smartweeds)               4 + 2

Salix (willows)                                      5 + 0

Hordeum (ryes)                                         2 + 3

Plagiobothrys (popcorn-flowers)                 4 + 0

Lepidium (peppergrasses)                           2 + 2,

Spergularia (sand-spurrys)                         I + 3

Rumex (docks)                                        I + 3

Arena (oats)                                           0 + 4

Erodium (filarees)                                   0 + 4
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TABLE 6-3 CROSS-INDEX OF CALIFORNIA NATURAL DIVERSITY DATA BASE (CNDDB) NATURAL COMMUNITY TYPES, WILDLIFE HABITAT
P~ELATIONSHIPS (WI{K) SYSTEM HABITAT TYPES, PLANT COMMUNITY TYPES OF MUNZ (1973), AND U.S. FISH AND WILD-
LIFE SERVICE WETL~d~D TYPES IN THE NORTH STONE LAKE AREA,    SACRAMENTO COT~TY, CALIFORNIA

Vegetation and Land Cover

Types in the North Stone Lake                                                                Plant Communities

Area (Map 6)              CNDDB Natural Community Types    WI{R Habitat Types     of Munz (1973)       FWS WetlandTypes

Non-native Grassland             Non-native Grassland (42200)      Annual Grassland    Valley Grassland    Palustrine/Emergent/

Temporarily Flooded
(in part)

Northern Hardpan Vernal Pool    Northern Hardpan Vernal Poo!     Annual Grassland    Valley Grassland    Palustrine/Emergent/

(44110)                                                                        Temporarily Flooded

(in part)

Valley Freshwater Fizrsh          Coastal and Valley Freshwater    Fresh Emergent       Freshwater Marsh    Palustrine/Emergent/
Marsh (52410)                       Wetland                                      Permanently Flooded

Palustrine/Emergent/

Seasonally Flooded

Lacustrine (in part)                       Lacustrine/Littoral/

Aquatic BedlRooted

Vascular

Great Valley Kiparian Forest    Great Valley Kiparian Forest     Valley Foothill     Not applicable       Palustrine/Forested

(61400)                            1%iparian

Irrigated Pasture                 Not applicable                     Pasture               Not applicable       Not applicable

Introduced Trees                  Not applicable                     Not applicable      Not applicable       Not applicable

Open Water                         Not applicable                     Kiverine             Not applicable       Kiverine

Lacustrine (in      Not applicable       Lacustrine/Limnetic

part)



TABLE 6-3 CROSS-INDEX OF CALIFORNIA NATURAL DIVERSITY DATA BASE (CNDDB) NATURAL COMMUNITY TYPES, WILDLIFE HABITAT

RELATIONSHIPS (WI~) SYSTEM HABITAT TYPES, PLANT COMMUNITY TYPES OF MUNZ (1973), AND U.S. FISH AND WILD-
LIFE SERVICE WETLAND TYPES IN THE NORTH STONE LAKE AREA,    SACRAMENTO COUNTY, CALIFORNIA

Vegetation and Land Cover
Types in the North Stone Lake                                                                Plant Communities

Area (Map 6]              CNDDB Natural Co.unity Types     W-HR Habitat Types     of Mnnz (1973)       FWS Wetland Types

Non-native Grassland             Non-native Grassland (42200)      Annual Grassland    Valley Grassland    Palustrine/Emergent/
Temporarily Flooded
(in part)

Northern Hardpan Vernal Pool    Northern Hardpan Vernal Pool.    Annual Grassland    Valley Grassland    Palustrine/Emergent/

(44110)                                                                            Temporarily Flooded
(in part)

Valley Freshwater Marsh          Coastal and Valley Freshwater    Fresh Emergent      Freshwater Marsh    Palustrine/Emergent/
Marsh (52410)                       Wetland                                      Permanently Flooded

Palustrine/Emergent/
Seasonally Flooded

Lacustrine (in part)                       Lacustrine/Littoral/
Aquatic Bed/Rooted
Vascular

Great Valley Riparian Forest    Great Valley Riparian Forest      Valley Foothill     Not applicable       Palustrine/Forested

(61400)                              Riparian

Irrigated Pasture                 Not applicable                     Pasture              Not applicable       Not applicable

Introduced Trees                  Not applicable                     Not applicable      Not applicable      Not applicable

Open Water                         Not applicable                     Riverine             Not applicable       Riverine

Lacustrine (in      Not applicable      Lacustrine/Limnetic

part)



TABLE 6-4    ACREAGES OF VEGETATION AND LAND COVER TYPES
IN THE NORTH STONE LAKE AREA

Percent o2 Total
Veqetation/Cover Type               Acreage           Site Acreage

Open Water                                      147.7a                5.6
Non-native Grassland                       2,150.4                 81.1
Northern Hardpan Vernal Pool                 0.5                 <0.1
Valley Freshwater Marsh                    125.7                  4.7
Central Valley Riparian Forest            55.3                  2.1
Irrigated Pasture                            167.7                  6.3
Introduced Trees                                  3.6                   0.1
TOTAL                                                                  2,650.9                       100.0

a. Open water acreage includes 82.3 acres for North Stone Lake
proper and 65.4 acres for the borrow channel forming the
western boundary of the site.                                 ~
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TABLE 6-5 BOTANICAL FIELD SURVEY DATES IN THE NORTH STONE
LAKE AREA~ SACRAMENTO COUNTY~ CALIFORNIA

Survey Date                         Area(s) of Emphasis

6 October 1989       Preliminary site reconnaissance; permanent
and seasonal wetlands on margins of North
StoneLake; irrigated pasture areas

4 November 1989     Permanent and seasonal wetlands adj~0ining the
borrow channel on the western site boundary

5 December 1989     Site reconnaissance

23 March 1990         Grasslands

31 March 1990         Grasslands; irrigated pasture areas

15 April 1990         Vernal pools and ephemeral wetlands

18 April 1990         Vernal pools and ephemeral wetlands

20 April 1990         Vernal pools and ephemeral wetlands

26 April 1990          Vernal pools and ephemeral wetlands

14 May 1990            Vernal pools and ephemeral wetlands

21 May 1990            Vernal pools and ephemeral wetlands

2 July 1990           Permanent and seasonal wetlands
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TABLE 7-I     ACREAGES OF ~ TYPES IN THE NORTH STONE LAKE AREA

Percentage Percentage
of Total o~ Total
Wetland Site

Wetland Type Acreage Acreage Acreaqe

Lacustrine/Limnetic 82.1 16.0 3.1

Lacustrine/Littoral 33.1 6.4 1.2

Riverine 65.4 12.7 2.5

Palustrine/Forested 55.3 10.8 2.1

Palustrine/Emergent/Permanently Flooded 47.7 9.3 1.8

Palustrine/Emergent/Seasonally Flooded 44.9 8.7 I. 7

Palustrine/Emergent/Temporarily Flooded 185.5 36. I 7.0
TOTALS 514.0 I00.0 19-4
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TABLE 8-1 WHR WILDLIFE HABITAT TYPES AND CODES FOR NORTH STONE LAKE

WHR HABITAT STAND TYPE
"[YPE CODE.

VRI 4D Valley Foothill Riparian
VRI 6
FEW 1D Freshwater Emergent Wetland
FEW 2D
AGS 2D Annual Grassland
CRP Cropland
LAC 3M Lacustrine

STANDARDS FOR TREE SIZE                                                           STANDARDS FOR CANOPY CLOSURE
WHR Trees Hardwood Diameter at WHR Closure Trees

No. crown diameter breast hei,ght No.- Class and Shrubs
1 Seedling n/a <1" S Sparse 10-24%
2 Sapling <15’ 1 "-6" P Open 25-39%
3 Pole 15’-30’ 6"-11" M Moderate 40-59%
4 Small 30’-45’ 11 "-24" D Dense 60-100%
5 Medium/ Large >45’ >24"
6 Muti-layered Size class 5 trees over a distinct layer of size class

4 or 3 trees, total tree canopy exceeds 60% closure.

STANDARDS FOR HERB HEIGHT STANDARDS FOR CANOPY CLOSURE / GROUND COVER
WHR          WF~          Herb Height I               WF~                 Closure         Ground Cover
No. Heil~ht Class at maturity/

I

No. Class
1 Short Herb <12" S Sparse 2-9%
2 Tall Herb >12" P Open 10-39%

M Moderate 40-59%
D Dense 60-100%

STANDARDS FOR AQUATIC ZONES
Aquatic Zone Standard

Zone Number
Pelagic (1,2) 1 Open waters, not closely associated with shoreline or bottom.
Limnetic (3)
Open Water (4)
Subtidal (1,2) 2 Substrate continually submerged.
Submerged (3,4)
Intertidal (1,2) 3 Substrate flooded periodically.
Periodically Flooded (3,4)
Shore (1,2,3,4) 4 Substrate continually exposed and not occupied by vegetation

(<2% canopy closure).
1-Marine; 2-Estuarine; 3-Lacustrine; 4-Riverine

STANDARDS FOR AQUATIC SUBSTRATES
Substrate Substrate Standard

Letter
Organic O Composed primarily of organic material.

Mud M Wet, soft clays and silts covering at least 75% of the surface.
Sand S Coarse grained sediments covering at least 75% of the surface.

Gravel/Cobble G Rock fragments <3" covering at least 75% of the surface.
~ubble/Boulders R Rock fragments >3" covering at least 75% of the surface.

Bedrock B Bedrock covering at least 75% of the surface.

Classification system follows Laudenslayer, Jr. and Mayer (1988).
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TABLE 8-2 SPECIAL STATUS SPECIES OBSERVED AT THE NORTH STONE LAKE
AREA, 1989-1990

Common Name Scientific Name Statusa

Aleutian Canada goose Branta canadensis FE
Tri-colored blackbird Agelaius tricolor 2
Swainson’s hawk Buteo swainsoni CT, 2
Giant garter snake Thamnophis couchi CT, 2
Western pond turtle Clemmys marrnorata CSC, 2
American white pelican Pelecanus erythrorhynchos CSC
Double-crested cormorant Phalacrocorax auritus CSC
California gull Larus californicus CSC
Golden eagle Aquila chrysaetos CSC
Northern harrier Circus cyaneus CSC
Northern goshawk Accipiter gentilis CSC
Prairie falcon Falco rnexicanus CSC
Yellow warbler Dendroicapetechia CSC
American badger Taxidea taxus CSC
California tiger salamander Ambystoma tigrinum CSC

a. FE = Federally endangered species; 2 = Federal Category 2 candidate endangered species;
CT = California threatened species; CSC = California species Of concern.
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TABLE 8-3 WILDLIFE SPECIES OBSERVED AT NORTH STONE LAKE

FISHES
(17 species)

Common Name Scientific Name

Threadfin shad Dorosoma petenense
Sacramento blackfish Orthodon microlepidotus
Mississippi silverside Menidia audens
Common bluegill Lepomis macrochirus
White crappie Pomoxis annularis
Black crappie P omoxis ni g romaculatus
Carp Cyprinus carpio
Bigscale logperch Percina macrolepida
Goldfish Carassius auratus
Hitch Lavinia exilicauda
White catfish Ictalurus catus
Black bullhead lctalurus melas
Brown bullhead lctalurus nebulosus
Largemouth bass Micropterus salmoides
Warmouth Lepomis gulosus
Prickly sculpin Cottus asper
Mosquitofish Gambusia affinis

AMPHIBIANS
(3 species)

Common Name Scientific Name

Western toad Bufo boreas
Pacific tree frog Hyla regilla
Bullfrog Rana catesbeiana

REIY£1LES
(8 species)

Common Name Scientific Name

Western pond turtle Clemmys rnarmorata
Western fence lizard Sceloporus occidentalis
California alligator lizard Gerrhonotus multicarinatus
Western yellow-bellied racer Coluber constrictor
Pacific gopher snake Pituophis melanoleucus
California kingsnake Lampropeltis getulus
Valley garter snake Thamnophis sirtalis
Giant garter snake Thamnophis couchi
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TABLE 8-3 (continued)

-BIRDS
(101 species)

SPECIES OBSERVED (1989/1990; * = denotes nesting/nuptial behavior)

Common Name : Scientific Name

Pied-billed grebe* Podilymbus podiceps
Clark’s grebe Poch’ceps nigricollis
Double-crested cormorant* P halacrocorax auritus
Greater white-fronted goose Anser albifrons
Canada goose Branta canadensis
Snow goose Chert hyperborea
Ross’ goose Chen rossii
Tundra swan Cygnus colttmbianus
Sanclhill crane Grus canadensis
Wood cuck* Aix sponsa
Pintail Anas acuta .
American wigeon Anas americana "
Northern shoveler Anas clypeata
Green-winged teal Anas crecca
Cinnamon teal* Arias cyanoptera
Mallard*, Anas platyrhynchos
Gadwall* Anas strepera
Lesser scaup A ythya affinis
Redhead A ythya americana
Ring-necked duck A ythya co llaris
Canvasback A ythya valisinaria
Common mrganser Mergus merganser
Ruddy duck* Oxyurisjamaicensis
American coot* Fulica americana
Common moorhen GaIlinula chIoropus
Greater yellowlegs Tringa melanoleuca
American white pelican PeIecanus erythrorhynchos
Califomia gull Larus caIifornicus
Caspian tem Sterna caspia
Forster’s tern* Sternaforsteri
Great blue heron* Ardea herodias
Green-backed heron Butorides striatus
Black-crowned night heron* Nycticorax nycticorax
American bittern Botaurus lentiginosus
Great egret* Casmerodius albus
Snowy egret* Egretta thula
Sora Porzana carolina
Virginia rail Rallus limicola
Black-necked stilt Himantopus rnexicanus
Killdeer* Charadrius vociferus
Common snipe Gallinago gallinago
Long-billed dowitcher Limnodromus scolopaceus
Long-billed curlew Nurnenius americanus
California quail* Callipepla californica
Golden eagle Aquila chrysaetos
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TABLE 8-3 (continued)

BIRDS
(101 species)

I. SPECIES OBSERVED (1989/1990; * = denotes nesting/nuptial behavior)

Common Name Scientific Name

Black-shouldered kite Elanus caeruleus
Northern harrier Circus cyaneus
Northern goshawk Accipiter gentilis
Red-tailed hawk * Buteo jamaicensis
Rough-legged hawk Buteo lagopus
Swainson’s hawk* Buteo swainsoni
Prairie falcon Falco rnexicanus
American kesu:el* F alco sparv erius
Turkey vulture Cathartes aura
Great horned owl* Bubo virginianus
Barn owl Tyro alba
Short-eared owl Asio flammeus
Belted kingfisher Ceryle alcyon
Mourning dove Zenaida macroura
Nuttall’s woodpecker P icoides nuttallii
Hairy woodpecker Picoides villosus
Northern flicker Colaptes auratus
Western kingbird Tyrannus verticalis
Ash-throated flycatcher Myiarchus cinerascens
Western flycatcher Ernpido nax difficilis
Black phoebe Sayornis nigricans
Horned lark Eremophila alpestris
American (water) pipit Anthus spinoletta
Cliff swallow* Hirundo pyrrhonota
Barn swallow* Hirundo rustica
Tree swallow* Tachycineta bicolor
American crow Corvus brachyrhynchos
Scrub jay Ap he locoma coeruIescens
Yellow-billed magpie* Pica nuttaIli
Plain titmouse Parus inornatus
Bushfit Psaltriparus minirnus
Marsh wren* Cistothorus palustris
House wren Troglodytes aedon
Wrentit Chamaea fasciata
Ruby-crowned kinglet Regulus calendula
American robin Turdus migratorius
European staffing* S turnus vul g aris
Yellow-rumped warbler Dendroica coronata
Yellow warbler Dendroica petechia
Nashville warbler Vermivora ruficapilla
Orange-crowned warbler Vermivora celata
Red-winged blackbird* Agelaius phoeniceus
Tricolored blackbird* Agelaius tricolor
Brewer’s blackbird Euphagus cyanocephalus
Western meadowlark* Sturnella neglecta
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TABLE 8-3 (continued)

BIRDS
(101 species)

I. SPECIES OBSERVED (1989/1990; * = denotes nesting/nuptial behavior)

Common Name Scientific N~lm~,

Brown-headed cowbird Molothrus ater
Northern oriole* Icterus galbula
Western tanager Piranga ludoviciana
Song sparrow* ’ MeIospiza melodia
Savannah span’ow* Passerculus.sandwichensis
Golden-crowned sparrow Zonotrichia atricapilla
White-crowned sparrow
Rufous-sided towhee " Pipilo erythrophthalmus
California (brown) towhee Pipilofuscus
House finch Carpodacus rnexicanus
American goldfinch Carduelis tristis

MAMMAI~
(23 species)

Common Name ScientificName

Big brown bat Eptesicusfuscus. ¯
California myotis Myotis californicus ¯

Yuma myotis Myotis yumanensis
Brazilian free-tailed bat~ Tadarida brasilensis .....

~, Ornate shrew Sorex ornatus
Western harvest mouse Reithrodontbmysrnegalotis
Deer mouse " Peromyscus maniculatus
House mouse Mus musculus
California vole Microtus californicus
Muskrat Ondatra zibethicus
Norway rat Rattus norvegicus
Long-tailed weasel Mustelafrenata
Black-tailed jack rabbit Lepus californicus ~ "
Virginia opossum Didelphis virginiana
River otter Lutra canadensis
Beaver Castor canadensis
Raccoon Procyon !otor
Striped skunk Mephitis mephitis
American badger Taxidea taxus
Gray fox Urocyon~cinereoargegtus
Red fox Vulpesfulva
Coyote " Canis latrans
Columbian black-tailed deer Odocoileus columbianus
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TABLE 8-4 FISH COLLECTED BY CDFG DURING 1972 FISH RESCUE

Average
Number Weight ~

Common Name Collected (lb)

Black crappie 34,363 0.18
Largemouth bass 311 3.50
Bluegill 2,122 0.25
Warmouth ass 1,823 0.26
Brown bullhead 2,342 0.62
White catfish 28 2.43
Sacramento blackfish 5,037 2.30
Carp 4,457 2.32
Goldfish 1,100 2.00
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TABLE 8-5 NUMBERS,. SIZES, AND WEIGHTS OF FISH CAPTURED AT NORTH
STONE LAKE, NOVEMBER 1989

Fork Length (mm)             Weight (g)
Common Name     Number    Avg_       Range      . ~      Range

Threadfin shad ¯ 109 ~ ~ 51 " ~ 29-94 ...... 2:1 -’ 0.2-11:5
Scaramento blackfish 21 142.5 74-424 13 4.5-22
Mississippi silverside 12 63.2 35-87 1.6 0.2-3.2
Common bluegill 9 81.0 29-110 13.9 0.2-26
Black crappie 9 " 147.3 63-255 71.2 3.2-274
Carp 5 395.8 135-564 51 51-51
Bigscale logperch 4 80.8 75-87 4.2 3.6-4.8
Goldfish 4 282.5 205-362 160 92-229
Hitch 2 82.5 60-105 8.1 2.2-14
Black bullhead 2 245.0 205-285 220~ 106-335
Largemouth bass 2 144.5 140-149 47 43-51
White crappie 1 75.0 75-75 5.7 --
Brown bullhead 1 200.0 200-200 113 --
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TABLE 8-6 NUMBERS, SIZES, AND WEIGHTS OF FISH CAPTURED AT NORTH
STONE LAKE, JUNE 1990

Fork L~ngth (mm)            Weight (g)
Common Name ..... Number A_.Nv.g_       Range       ~      Range

Sacramento blackfish 25 250 119-439 441 22-1,300
Black crappie 10 264 192-312 335 130-540
Largemouth bass 9 330 195-421 849 116-1,700
Common bluegill 9 91 52-129 20 3-46
Mississippi silverside 3 71 62-76 3 2-4
White catfish 3 358 258-444 1,074 321-1,800
Warmouth 2 132 126-137 61 52-70
Prickly sculpin 2 92 85 -98 10 8 - 12
Mosquitofish 2 37 32-42 1 1
Carp 1 508 508-508 2,750 --
Bigscale logperch 1 59 59-59 2 --
Goldfish 1 496 496-496 496 --
Black bullhead 1 337 337-337 270 --
White crappie 1 334 334-334 680 --
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TABLE 8-7 WATERFOWL CENSUS (SPRING 1990)

Number Number of
Species of Pairs Single Malesa

Gadwall 1 1
Mallard 15 17
Cinnamon teal 7 7
Wood duck- 2
Ruddy duck1
Pied-billed grebe2

a. Females presumed on nest

1. One female.
2. (Sexes not distinguishable) 30 single birds; 6 females on nest.
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¯ ’ TABLE 8-8 APRIl5 1990 RIPARIAN NEST SURVEY

.... Number of
Species Active Nests

Great egret 52
Great blue heron " 49
Black-crowned night heron 61
Snowy egret 20
Double-crested cormorant 17

Nest Census - Insert after page 8-11
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TABLE 8-9 RESULTS OF APRIL 1990 SMALL MAMMAL TRAPPING

Species ~ # of Capture~.

California meadow vole 29
Western harvest mouse 24
Deer mouse 23

Mammal Trapping - Insert after page 8-12
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TABLE 10-I PR~ RESIDENTIAL GROWTH IN THE DELTA
AND SOUTH SACRAMENTO AREAS~ 1988-2005

Year Change, 1988-2005
Community Area 1988 1990 2005 Number Percent

Delta
Population 5,614 5,796 6,345 731 13
Housing Units 2,274 2,384 2,684 410 18

South Sacramento
Population 102,200 114,822 155,069 52,869 52
Housing Units 38,807 44,609 64,141 25,334 65

Source: SACOG (Sacramento Area Council of Governments) "Growth Projections by
Community Area," 10 February 1989.
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TABLE 10-2     MAJOR COUNTY ROADS

Daily Volume
(For 24 Hours in Current Post’2000 Post-2000

Road Segment Both Directions) Capacity Capacity* Designation*

Hood Franklin-West Hoodto Inter-
state 5 20,000 30,000 Arterial

2,060
(1984)

Hood Franklin-East Interstate 5 to Thoroughfare
Franklin 20,000 45,000 (Connector

Between I-5
and Hwy 99)

Franklin Boulevard Franklin Area to
Elk Grove
Boulevard               2,548           15~000       30~000       Arterial
Elk Grove (1988) 15,000 45,000    Thoroughfare

Boulevard to
Meadow-view Road

E~liot Ranch Road Entire Length of Not on File Not on
~ ~ Road File ]5,000     Local Street

* Potential road capacity under an urban development scenario for after the year 2000, from the
Sacramento County Major Street and Highway Plan, 10 May 1990.

Source: Sacramento County Department of Public Works, 8 June 1990.



TABLE ]0-3      STATE ROADS

Annual Average ~        ~Daily Average    Capacity
Daily Traffic Volumes     For Peak Month    Adequacy

Road                   Segment              (Both Directions) 1989        (August)         Ratioa

I-5         Meadowview Road to Hood
Franklin~Road                        35,000                   43,000             79

Highway ]60    Freeport to Hood                        1,500                    1,900            349

a. 100 = Minimum desirable value; 200 = Level of service could double before service
begins to be undesirable.

Source: CALTRANS, Traffic Counts Department, 8 June ]990.



0¢/.
II

, I ¯ It
..... II ~

’1 ILL----

0 ~19             ..[

I Legend o
I "

I’,!
~ Open Water o

I1~-:

[il ~ Central Valley °=
’~-: Riparian Forest

I~, " I ~ Valley Freshwater
II ’d I Marsh ""I:

SOUTH STONE LAKES AREA
II II II:

,," PRELIMINARY VEGETATION

AND LAND COVER TYPES

C--071 720
C-071101.621



Cosumnes River Preserve

SIZF~ 1,454 acres FLOR~ The Cosumnes River Freshwater nmrshes bordering
Preserve protects two plant the forest support vigorous

LO~TION: The preserve is communities now rare: riparian growth of swamp knotweed
located in Sacramento County on (streamside) forest and (Poly~onum hydropiperoides),
the eastern edge of the freshwater marsh; less than 1% marsh primrose (Ludwigia
Sacramento-San Joaquin :delta. of each community remains peploides), tules ~, and.
between California Highway 99 intact in the state. The preserve cattails ~. Annual
and Interstate 5. The nearest supports the freest remaining grasslands and cultivated fields’~

town is Walnut Grove. example of valley oak riparian occur in drier parts of the
forest. Valley oak (Quercus preserve.

HISTORY: The Miwok Indians lobar), and Fremont cottonwood
once roamed the area, hunting, (Populus fremontii), form the FAUN~ The river itself harbors
fishing for salmon and collecting tail, continuous canopy. The runs of salmon and steelhead.
acorns for a living. John Sutter grand height of this riparian River otter and muskrat
first used the present spelling for forest is due to the abundance of occupy the water. The bordering
the river in 1841. In later years ri ~padan" forest.is home to racoon,
settlers cleared much of the land black-tailed mule deer, minkv~
for farming and cattle grazing, ringtall and opossum. The
presently the prominent uses of ~ Pacific tree frog is common.
the land surrounding the More than 200. species of birds
preserve, have- been recorded-on and

around the preserve, ~inclu~ag
GEOGRAPHY: Although nearly several nesting pairs of
100 miles from the ocean, the ~ SwRinson’s hawks. In winter,
lower reaches of the Cosumnes the marshes support impre~ive
River are affected by ocean tides numbers of greater and.. lesser
funneling into the delta through sandhill cranes, Ross’s, ~hite-
San Francisco Bay, pushing fresh fronted, and Canada. geese,
water back up the Cosumnes. i,~.~ ~.~_ ~_.~ tundra swans and:numerous
The average elevation is less species of ducks. ~iResident birds

Cottonwood and willowsthan ten feet, with low levees Illustration by Craig Latkcr such as great blue:tierous,
lining the river. The climate is blackcrowned night herons and
Mediterranean, with hot, dry available water during the turkey vultures are common.
summers and cool, moist winters, optimum growing temperatures
Tule fogs are common in mid- of summer. Oregon ash MANAGEMENt. The. Cosunmes
winter. There are no major (Fraxinus latifolia), box elder River Preserve is owned and
dams on the Cosumnes, allowing (Acer negundo californica), managed by-The N~ature
frequent flooding in response to buttonwillow (Cephalanthus Conservancy. TNC, in .
heavy winter rains. The load of occidentalis) and four species of partnership with Ducks~
rich silt carried by floodwater willows ~ thrive beneath Unlimited, Inc., has launched an
introduces valuable nutrients to the shady canopy. Great vines of ambitious restoration project in
adjacent wetlands and grasslands, wild grape (Vitus californica) the Preserve, one of the first of
The Cosumnes is the largest festoon the trees, giving the its kind between the two
free-flowing river in the Central forest an appearance that John conservation organizations. The
Valley, and has been selected as Muir described as "tropical Conservancy is restoring the
a National Natural Landmarl~ luxuriance." riparian forests and Ducks
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Unlimited is restoring’i~he ¯
wetlands. Valley oaks, tlde
dominent species, Oregon ash,
Fremont’s cottonwood, box elder, ~
alder and ~elderberry are being
planted to mimic the mixture of ¯
trees and shrubs found in the
Cosumnes’ riparian forest.
When Ducks Unlimitdd
completes its restoration work,
water in the wetlands will be
managed to create diverse
aquatic, plant communities during
the spring,, and S .ummer. , They
will provide nesting and brood-
rearing habitats for whtdrfowl .~ Blackcrowned night herons
and resting and feeding areas for mustration by Kelth Hanscn
migrating and wintering birds.

N
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Copies Of this report may be obtained FREE
from "

State of California "¯           -’                 - -                   -
DEPARTMENT OF WATER RESOURCES

P.O. Box 94236
" Sacramento, CA 94236-000i ¯ - - - . _
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